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ABSTRACT

The cost of scftware is fast becoming a major slice >f DOD's
automat2d data processing buljyet. Most of this sost is
directly related to the maint=aance of 2xisting software. A
rimary cause is poor or non-2xistant 3Jocumentatiopr which
leads to high <costs wh2n it cones time t> <change the sofs-
wate to correct errors, add snhancemsnts, or to coamply with
changes in Federal regqulations/DOD policias.

This thesis 1looks at the various so>ftware engineering
t2chniques available to programmers anid managers for the
dzvelopmnent of softwara docuasatation. A set of guidelires
for an "ideai" program maintanince manual is proposz3l. Thess
guidelines are based on currsnt DoD staaiards, exanples of
sof+warz maintenancs manuals from Zadustry, and applications
of currant software engineering practicss.
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I. INTRODUCTION

A. THE NEED FOR DOCUMENTATION

A racent Govenmen+ Acccuntiag Jffiss report, reviewing
co>aputer software maintenanc2 imn Fz23sral ADP agencies,
producei some inte2r2sting observations _Ra2f. 1].

1. Two thirds of %the prograamers at 15 Fesderal ADP agen-
cles spen* their time on softwars ailnternance.

2. TIhe_Departmen*t of Defens2 will spsnd approximately 353
billion in 1981 orn software.

3. Agencies _have _made little effort to effsctively
népage and minimlze th2 resdurces rsquired to malin=~
tain computer software.

4. Scftware is often maintainei by o2d0ple whe did rot
jevelop i=.

5. Pocy d&ccumentation oft2a results in rebuilding arn
srtize system Of programs bscauss understarniing ang
aodifying an existicg prdgram may b2 more trouble and
zxpense then buiiding 2 néw one.

The Fedaral Governmsnt is not alons ip i:s5 scfiwace maiante-
nance 'srises'. All ADP users, iIasludiny private iadustry,
ar2 beiag swallowsd up by ths "%ar-pizs >f sofiware nznage-
men+" as rred Brooks mRs so vividly describ=d4 [Ref. 2]. The
£5sts %> the governmen+ and priva+t=2 iIndustry, in ctecms of
doillars and wmanpower, is incr2asing 2+t an . alaramiag rcats.
Costs for scitware (procuranant and @wnaintenancs) ars
expectsl to zrTeach 3200 billiom by 1983. 230D es*inates i<
will spznd 35C billicn by 1990 for =emb2ii=2d softwzrsz z2lcn2

[Ref. 3,4].

A lzzge sharz of thsse <23%s ace £o>: sof“warsz npzints-
rance (see Figure 1.1). Variosous stulizs have <showrn chas
from forty tc ninety~five perczat c¢f maapdesr cZforc in mo3t
AdP organiza-zions is spant on software nz1tsnznce
{(Ref. 5-141.
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There are many reasons for the wiia variation ia effort
baing d2voted to software mainta2narce, hdovaver, a dsfinition
5>f mainterance should be presanted first. Softwars mainte-
nance is best defined as:

That activity which is concernped with naking changes to
software for the purpose of Improving 3¢ cofrectinag the
softwzre without introduciag a1ew 2rrofs [Ref. 15].

Despite the fac* that ilarge 2aaounts of asacpower 2and other
rasourcss are spent on softwar2 maint=2n1aacse, few nanagers
comprehend +he underlying reasons. Tha2rz are four basic
issues behind thke problems of s>ftware naaintenance

° Mainterarce is conSLder d less glanm>rsus, int2rssting
anl chal lanqln% compare o} sgstem dealgn and
pr>grammin encel thare 1is 1little inpcentive for
computer personnel o become ipvolived ip malntenance
activities (or document thair time a2l sffort spent on

mairtenance).

e During cdevelopmernt i= is often too zarly ir ths praject
tc fcrsee problems which X occur uring waintanance
&s a congequence malintal uabﬂ ity (taz preoerty af sof=-
ware waig ma kes mairntananc e activities asy *“o
perform} is not provided £or ia thsz systenm des;;n.

e Doy ject manaqement dces not always rc:sc agnlze that m=-"-

a-uao l1i+y considera<ions shouid bs 33 int=23ral par

0.

£ the design process.

o I= is very ifficult to 12dify or simplify =zhs struc-
“urs of a program after tie program hés béen written,
{R2f. 15]

Weapol system software =233 =r2al-tiaz sys*em softwars
us=d extensively by %tz Departa2nt >f D=zfzaze (DOD) suffers
from sinilar problems [Ref. 161]. Je 22z=z _Ref. 17] rz=poc<s
<1az Al Fcrce avionics software costs  about $875 op=ar

irszructicn =c¢ iavelcp, but 1aints=p23c:z zos=s  ar:z zroung

54,000 oer irns=ruction. SaGzZ, 3 miii=ary istzmnse svscam, h2d

zn averace annual cos* o 20 aillicn doilars alzer twarn yzacs
nf operation cemvarsd to an srijizal dsvalopmenz cost orf 2350

nillicn doilzzs [Ref. 18].
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The need for efficient, ¢cd>s5t effectivas softwares main*e-
cance 1is important because "....0f the nsed to k22 DoD
r2al-tine weapon system softwar2 opsratiny as error fres as
possible ard the need t> =:check tha 2scalating cost
asscciated with modifying *his sof+tware" “R2f. 16].

Gool documentation is sesn as one of the best to2ls for
improving scftwars maintenance | Ref. 19]. 1In general, docu-
msntation serves as a means of commanication within an
srganization, especially over tims, Doc-umentation facili-
tates the training of new persd>nrel and aids irn medification
of a software system by people other than the original
desvelopnent programmers, Silb2y [Ref. 23] sees documenta-
tion as addressing *hree vrinary groups >f pecple; managers,
programmers/system analysts, 313 usars, 32 also argass <ha<«
“he soitware documan+taticn must be cl2ar, comprz2hasnsive,
d2tailel arnd well structur=2d4 in ordsc -5 be useld effzc-
tively. Good documentation can and aust provide a gr2at deal
of usefui irformation. Specifizally, this informatisn has *»o
commuricate to *he maintenanc2 vpersonn2l snough ds:tail so
~hat enhancements and changes t> =he saf:]a:e can bz easily

fect

maje and o ot vzoduwe unwzncad zifects in  o+ther par:s <f
<he syst=m {Ref. 21]. Tabls I 1lis<s 2xaaples of “h=> types
of informa*ion needed in docum=21*azion,.

Dccaimentaticn has several Important usss ba2yoni 2
jzneral descrip=ion of code. Ducing ths s>f:ware Jevalopmen=
phase it is used Zor communication betwz2n members of %ae
izsign tean, Inr =raiaing n=4 personnzi ssigned to =hs

uring a2 sof-=-

W2re mnaln<enanc ricd +*he jcciamentation zzrves again azs 2
“raininy base, 2 quids for no3ificatioan 321 =r-or chacking,
naticn, 2nd zs 3

his=erizal =zezce o2f the scf<warcals

. Ae wish
~h€ ygzoneTatl
‘..&- - < -
pcrtion cI =

T
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i TABLE I

E Information Docum2ntation Provides

; -A historical record of sof:sare syst2n isvelopm2at.
h -3 da2+tailed analysis of software systan dssignmn.

-4 w2ll struyctursd spurc2_ coie listing with commzats
on 13gic and processing flows.

+
)
Q
1]

gi lcgical, anl physical characierist
a

- Requirenents, getat irng 2anvironment, and design
charicteris<ics of the svystza1.

-Writ<en irstructicns for noa-AD? pecsdnanel that
axplaing wnat ths sys+em (s>f+ware 2nd hacdware)
does and how %<0 use it,

-Forna* of input data and output repsr:s.

-Tecanical informa+ion about’ daza colilaztion
requiremer+s.

-De*ailed specifi c=t ong, dascripztions, 22d procsziuces
for 3ll t=s%ts and +2st data.
b -

Decaizentation is an Impor=ant product o5f sound sofivars
srnyineering design <rather =hin 3 simolz bve-projuc=t of

w
W
8]
(81
o
(o7
Q)
(9}
e ]

dzzigr. Documentatisn has <0 b2 ¢l c
m & Zc-ma* has <o be coavaniznt ani siaple 43

s
<ion has %z Dpe orgapizad I2 2 hizrzhiczl fashicn in

{ dzcumernta i
; <h2 sem® maaner “ha%t +the c2d2 is siructurszd. 811 dsszig:m
dzzisions and <+hzir impact hais o 2 2¢plaineqd, and tas

P

Lo

13 Copy available to DTIC does not
| permit fully legible reproduction
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How much ard what types >f locumentatiosn must be Jecid=d4

during the the design phase of system 3i2v2lopment. Much <o
often these decisions have beza put 2ff antil lats in +he
systen development cycle #hich resulcs in poor or

ndn-existant documentation [Ref. 1].

If 4e are to improve tha aaintainability of larye sof:-

ware systems we must also "3da2sign for <change™ as Parnas

suggests (Ref., 28], This inzliades 4ssigningy good dozumernta-

tion to +ell us what a softwar2 system 3325 and now it doszs

i+
B. PURPOSE AND ORGANIZATION OF THESIS

it will
Departm=zat of Defensa direc

this thesis is two-fol1i. First

examine and review Federal 224

The purpose of

tives on standards for docuaentation. Iacluded will Dbe

1]

summary of the various technigias »>f docimz2n%a%ion from *=he

tzchnical litera*urs. Seconi, a 3i2siga €>r a Programmszr's

Maiintenance Meanual will be prssentsd which incorporates ths

latest corcepts in sofiware zngineering. Th=2 reascns behizi

sular vill b=

[

parti design 2nd the bzarefi*ts Lt> bz gained

iiscussed.

Chap+er II 0% +he thesis will reviaw “he concept =f =hs
softwarz 1life cycle and how software mailitsnancs aztivisiag
ralate +*o diffarant 1f2 zycle paasss, 4 discussicn <¢f
curTent DOD directives In soltwazs marayzmant <+hat govecon
W22pOnL sSystiem sciftware will be gJiven azrs. Tzcanigues
ciTtren+tlv available fcr ograpders 213 s>fiwase c¢ontsacstoars
£5r decumenteticn will be dsscribel iIa Chap=ez ITI.  Thess
“2chniques iInclude msathods for cepras21:ing pregraan l1ogis
s1ch as s-ruc=urzed pregrameing, jazz struc=zacss 2213

commenzzd prograa lis+ings.

14
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Chapter IV cortains a d2scription o9f a Programmer'’s
Maintenance Manual based on DID raquirsments for s>ftwacs
documentation and recommendations for =changes %5 such a
manual. The manual is designel from *ta2 point of view that
the program lis+ing pow proviies a grsat dsal of MYself-
documentatiorn" resulting fron 1dvancas in structured
pcogramming techniques. In adiition ths purposes ani goals

of a manual in gznaral are pr2sented with a view that any

—

manual should be designed for its intenizi user.
Finally, Chaptar Vv will p-oviie conclusions ani recom-

mendations. An appendix contaias a copy of the curczrnt DoD
standarld for a program maintanaace nanual.
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II. BACKGRQUND OF SOPLHARE DOCUYENTATION

A. THE SOFTWARE LIFE-CYCLE

All softwars, tactical w2apon syst2:1 and genaral data
processing, must go through sevaral phases or steps from ¢he
time a nsed for 2 s>ftware system is conc2ived to ths point
where the system is cperational. This s=2ries of steps is
gsnerally referr2d to as ths softwara 1life cycle. The
differeat phases of +the life cycle have various naass when
discuss2d in +*he literature. Many rspr:santations of ths
life cycle are described. Figare 2.1 dz2picts ore such model
based >n the well- understool DOD systam life =cycls as
pr2sent24 in DOD Imnstruction 52)0.1. Figur2 2.2 reprasents 2
mo2re genseral approach to the 1life cycls paasas.

1. sSoftwarg Development

In order to wunderstani bet*er whi% aust bs 3Jonz <o
crzate 2 software systeam, an informal da2scription of each
s

€ is provided [Ref. 25].
a. Systsm Feasibility and Aralysis Phase

The 2ventual user 2%

3 14
¢ which 2 computer based Iafsrma*ion sys<t

€5 1 m 2T WeaIponh
systam seems *o be *he answsr. Th2 natarcs of the a2ei is
analyzz3; +the ou%lines of =12 “ype OSf sSysta2m that wouli
gsa<isiy these needs ara establiished. Th: nos= feasinle and
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d. Det+tailed Design Phase

The major parts of the design are now refined in
dstail. data stractures are defined

and spelled out,

Precise algorithms ani
If not alreaiy
decisions as %9 which par*s of th:z system will be in
Both detail dssign
sevaral lavels of refinement

done in the Product Design
Phase,
softwar2 and vhich in hardware are mada2.
and proiuct design may requirz

and reiteration.
e. Validation Phase

At this poinrt in th=2 developm2nt a check nust be

mide to ensure the design, ia all details, fulfills the
spa2cificaticns.
f. Programming, Cod= 2ad D2bug Phase
Encoding of algorithms and jazta r2pressatations
is accomplisted 3in this phas2. Individual modulss arce
preparel and *+ested individually. All pasic debugging i

complet2d where possible., Scns bugs may 1>t apoear antil all

<he system pacz*s are executed :togethar.
g. Irteqgration/Systzm Cesting Phas2
All ccded modules

ile

3 samplz da%*z hase. This praiaces physizal sealization of
“he design., Integrz*~ion of 211 *hz pac<s, Systex tasting
accordiag ©> the system “ast »>lan, 3ni szrformance svalua-
“ion is accemplizaed., In many -ases 3 39331 deal of -232si3rn
2ndi reiaplemern=a<ion may *alks 2lzc2 2t tals *+ime to foTcs
ths &ctual syst=m <t¢ confszn %o =hsz 3o3ciiica-ions and
ini+ial cequiremenzs,
12
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2. Software Opszation

Everything that happens after ths software system is
finished, delivered and finally acceptzi by the us2r fallec
into th2 operational half of th2 life cycla.

a. Maintemance Phase

Tauseworthe offers a dafinition of maintenance
as "al*srations to the scftware during the post 3=21livery
psriod that do not reguire a reinitiatis>n o€ <+he software

n

dzvolopaent cycle" [Ref. 26]. He also vizws the maistenznce
phase as any sof*ware rela+ted activity, principally suppor-
2ve in form, wkizh keeps thz softwars system oparational

ithir its furnctionzl specificaticns. Tz main activity of
maintenarce prcgramers is corractive in natuce, sommonly
raferrel to as debugging. Tauszworthe considers erhancemen*s
as esseatially <changes to tha specifications which 2nabls
the software ,to parform either a1 new task >r a diffsresn+ but

similar *ask. In each case the <Iunctiosnal scope of the
program charages,

Swanscen ([Ref. 277 iistinguisazs betweszn <thres
“ypes 2L software meintenance; cor-szctiva maintenancs, ziap-
-ive maintenance and perfective maintzaance. Corractivs
paintenince i1s periormed in raspcns2 to failurss such as +the
abnormal termizazion of & projyram or thz fallurs t3 meczc
p2rformince criteris. Adaptiv2 meaint2n21c2 1s perfscrmed in
rzsocnss to changes irn environmants such 3s <he instillation
©f 3 nsWw generaticn of systam i1ar-dedirz. 2zrfec+tive nainte-
nzace 15 pecfermed to make *ns program 1 1ars pezfzzt d23sign
lnplemeataticon. For sxamplse o laprovs oroycsssing efficizrncy
°r -0 add new fea-ures,

<her authors £=221 maint=znaazz hazz zaly +wWe
pasi compecnents; modiZiiza%icns 221 snhzazzmsn< 3.
403l fica~icrns actz any chanjyzs %o =2xiztiny <fuanctizsns <o
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correct bugs and meet specifications. Enhancements are addi-
tions of new functions that wer2 in ths origipal dssign but
nzver iaplemented or were adiei as a ra2silt of an iteration
cf the development cycle [Raf. 25]. Modifica+isns and
entanceaents will be *he terms used in tais thesis t> refar
to scftware maintenance.

A more accurate 211d defiaitive model of +the
maintenance phase of the software life zyzlz and cof the lif=
cycle itself has bezen proposseil by the Rd>m2 Air Development
Center [Ref. 28]. Figure 2.3 illustritas +“wo important

teams concerning this model. The first is that the process
of software development is highly interacstive (indicated by
fzadback arrows) in order to incorporac2 new requirements
and changes +o0 software specifications. 32condly, and more
important, I+ emphasizss tha 1importancs o>f the mainternance
phase. The model indicates that maintenanc2 phases arz %> go
thscugh *he

in
[
8

e itarative stzps shown f£or s=ofitware Jevelop-

t-
n
.o

m2nt, that analysis, sp2sification, design, :z=2ding,

vilidazicn, ¢

m
0

t and integratina.
b. Decommission Phase

During this phase an assesasat d5f <he sd5Z+twar:
deteraine its furthar use, or %£o be rsplacei in
irety. This may be duz t> complz2tz2ly new raqiiremen=zs
whare it 1s considered more =2:55nomical :> s-2place ths ssi=z-
1rs thar to modify the existiagy system >- Wwherle procuresmen=
&

a1ew hardwarz dicta+es & na2w sof=wars systa2m be d=2v=zlope

B. SOPTWARE MANAGEMENT

Secftware mahagement i3 czitical to tnz successsful opsoz-
“iorn of a large szfitware system. Th: d=zcisions unz oy
nz2nagers O0f wearon svstem sofiteaze  prodazcs will aszan the
ilZferance pe=weern wheathsr thes {inal prsdacs Is maintzinzuls
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or non-msaintainable. Cave [Ref. 29] beliaves that: "Project
failures are generally the result of improper or inexperi-
enced managerent and not the lack of *tschnical ability."
Cave cdoncludes that the saccessfal dsvzlopment o2f 1large
softwar2 systems can be achiavzi in a conrnsistant mannsar.

In Zooper's point of viaw [ Ref. 30] 2 common stumbling
block of software projec* managemeat his bzen +that managa-
m2nt would always seek to ootinize the 1J2velopment process
ia trying tc meet budget apd scaedule constraints. This “ype
f approach cr2ates an ipitial design wita little documenta-
n rasulting in increased 3iffizulty ian mairtaining *he
are and a corresponding iacrease in sverall lifz cycle

While there is no step by step procsss which wiil guar-
ertee successful devalopment oFf maintainable softwara, sonme

it2 helpful. Daly
(fef. 31] lists s2veral items taat hav2 oroved useful based

g2neral policies may be statsd that are gu

cn his 2xperience in managiag softsars ds:va1opments. Table
ITI provides a listing of£ +two diffsrent approaches. Dalzy
racommeads Methed 1 in order to produc2 a3 cost-20fac<ive,
n>-e maintainable sof=ware proiuc=. H2 3ls> reccmmsnds *hs
application of s*ric® manajamernt objsc+tives 3 guiis
dzvelopnent.

1. DOD Hdezpag2manz Rolici

I
Wb
1

To surppoc% <his committ=2e the MITRE corperziisn, in
zo2ajunction wizh John Hopkias Univ

£
conduc=3i a study of weapcn =system =0ft4izs managszasnt. It
1

was ccarcludeé <that "...%h2 w83 jor concivu<iag fazsorn <o
wsapcn syst=m probl=aams Is ta2 tack f  diszciciiaz 2nd

RS
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TABLE II
Softvare Desiyn Methods
lethod 1 Metnod 2
!
L
' High level languiage Assembly language
’ Structured Cods Tizht Coaplex Ccde
r' Compdysite design(hierarchy Large blobs of cods
h of small segments)
: Parallel, tog-dowp, bottoa Bottom-up design
ﬁ -up Iesign all optimally
- used
Simple data structures_ani Tight, 2ff=2cient, 1a:a
work areas (not) tightly structurss and wecrk areas
packzad éeve;y bit used, no Jjacza
uplicatz]l)
Team apprcach “o design On2 progria=-One nan
(egoless proegrammirng) coacept
. IBM's structured walk- No detail=d technizal
*‘ throagh feor reviswin review 2f d=sign or cod:ze
1 de~ail design and coie
[ Threa seperate zeams,one Original csoder %f=sts,
desiyn, one zests, one intégratss and nelps
{ evallates avaligats his p-cgran
i Ccmplete set of hierarchy Detail2d flow charss arnd
chacts, sequence charcts geaeral aarcatives, 1d
daxa maps and narratives, c¢onsistzacy listing
well ccmmented lis<ting wilzh comn2a+s
[ Detailed test plans for Yo formal %<est plans
3.1 test prhases
* Prcgram maln=zain=2d by 30% ?Togran naiantained oy
( senisr prcarammers insxperizanced programmers
b : cr =2chaizians
p
f | Crniy cocmmercial ZXtznsiv: non-ccmmaIcial
4 dccumnsntation genarated =2chnizal wzmoIandun |
! iusing developmen= Jenaratzi 3ad glacsl in
Ilprary
‘ Stzics manazgem2ant N¢ maniy2asn objzchtives
F objez<ives ss<tapbilshad
<0 71ide Zevelopment
|
|
:
|
! | U, ——— ——— PR —— |
\
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eagineering riqor appiied to weapon system acguisitiern
activities."

The scf+ware management steering commit+tee inccrpo-
rated this and other ideas iato i1 comprahensive plan +o
ieclude policy, practices, proc2dur2s 223 t2chnolegy initia-
tives Ref. 34]. Parts »>f +he plan are int2nded as
supplem2nts *o principies statad in DID Dirsctivss 5000.1
and 5000.2. The first maintsnance managzmznt policy statas
that "Ease of maintenance and nodificatis>n will bs 3 major
consideration of +he initial 4dssign."

Two technigues ares ased to provide managemen<
control to weapon sys+em software. Thas2 are desiga reviews
and configuration managsmert.

a. Design Reviews

MIL-STD-1521(USAF) arnotat2:s 2and describes ths
ra2quirements for *hs folilowing +*echnical ravizws ani audits

ch computer pPrOgTrams:

2nts Revizw (SRR)

! - Systen evi=w (SDR)
t! ~ Przliminary D2sign Reaviaw (2DE)
‘ - Critical D=sign Review (CZDRy

- Func+icrnzl Confirmation Auii< (FCA)

- Physical Coniiguraticn Aadit (P-3)

Ty

- Pornal Qualification Zzviaw (FOR

q
{ A oZ%d maintenance gulisocck {=2f. 35] orcvidss 2
f suvoplems =0 MIL-SI2D-1321. 1: desczib=ss ifztems <2 22 zaksn
o
+‘ i3t o consideration ia order <t> op=timizz ta2 maintaiaabilili-zy
{ of scfréare, ?or so=ecific i1=zfinaitions »>n any of =h2 abovs
itzms 202 is rfefscra2d to staniardi.
3
b
>
¢
{
3
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3 b. Configuration Manaja2ment

’( Configuration managya2ment coasists of configura-
tion ilentifica*ion, controol, status accounting and
auditing.

As part of the proodsed requirzments assigned to
contractors for the development of weapd>1 system softwars,
MIL-STD-1679, Weapon System Ssftwar2 Dav2lopment, states:

The  con*ractor shall establish and implement _ *the
dilsciplines of configuration nanagamsnt; namely configu-

EL g 20 aam ae e o

‘ ration idertificatidam, co1figucation control and

confijuration status accourtiag. The :91t:aCtor_sﬁall be
[ cognizant cf the requirema2n:t “for long-ta2rm 1lifs cycle
Y suppert of *he weapch systen softwara. The approypriate
- iegre2 of configuration manajemsnt saall be applia=d to

ansurs completely accurate :=>3rrelation between d2scrip-
tive_  documentation and th2 progran in ordar o
facilitate post-delivery miintenaice by s>Stware support
persoanel.

y— rfvvv‘v ——
-
n a
w
t4
m

Coniigura+*ion ii=atifizatiosa Zavolves specifi-
1lly Zdentifying 2and labeliny +ha2 confijuration i:ems at
ctszi basalinpes during ths softdare l1life cycle,
Baselinas are reference poiats or plat=221s in +the lsvelop-
aznt of 3 systaem; 31 baselinz Is formalliy 12finsd a4 the end
2f each stage in the sys+tea 1ife cycla. For exaaple =hsz
E! functicaal beseline is +*ypically ths ra3jquirzments zpacifica-
“lons document that outlinss, in tsrms bo%h =<he baysc 2ni
izv rez to )

elopar carn unders+and ani 1
i}

g
will dc. Confiiqura+ion ite
a

sys=e ms ar=2 zaz individual a2n+i-
1 : o . . o
¢ -izs *aat, togethner, definz and de=scribe the bhiselins,

3
3
b o2 . - - - B - - - -
y ConZZgurz<ion cdoatzol oproviizs <hs az2as o
! - - .
! M2a2g2 >hanges -2 +ths {30fzwar2) Sonfilylza“Lon Ltszms ani
] .
¢ invelves *hree pasic ing-edianis:
e DcZument2zion {(such 23 niszrzzive fooas and
supoorting “achnical ani 2 3Tratlive azserial) Ioc
Iofthwzlily nrecipizating 211 2123 2 poropos=23i changs
“2 a soitTware 3ystam.
‘ e An  orgarizatisnal body €5t Iorcmally =vizluz-tiang ani
{ 2COTOVIng OT disapproviag 3 propeszi Tzhange = 2 gsit-
] w2-e sys<am,
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e Prycedures for controlliay the azza2al changss to a
software systen.

S>ftwars configuration status acscouanting proviiss the
e2chanism for maintaining a record of how <the sos5ftwace
gsvolved and where the softwars is 2+t any current stage of
implementation. Software configuration i1uditing providess a
m2ans t> determins how well the softwar2 product matzhes its
associated documentation. [Ref. 36]

DCD Direc*ive 530).29, Maanajyzaent of Zomputer

E2sourcss in Major Defense Systams, statas

Defense sysiem computer rasources, including bo*h
computer hardware and compucar s>fewarcz will be speci-
fied and =reated as configaration i+teas.

Tre primary objective of software configura<ion
managen2nt i1s the effective manz2g2m21t 0% a softwar
systen's life cycle and its =2volviag configaratior.
Configuration is ths final form, arrzagsmaznt or dasign of
the software ([Ref. 36]. Th= imp>

ha

m2nageamznt is that 1+ g3ives on2 ¢t

4

.J

arnc2 2f corfigucation

Q

o
It

3
0

14

rt
abiii-y <o manags
&

during the developmen: DICC2S3. IS 3 program maiatanancs
minual is bein iesign=ed in conjunction #i<h and 23 a pact
st the scf+ware systen ievelopn=nb, Tk2n L% should bz plac=3
under =he disciplins <f cerfijur2tion naiagament changss
I2 the iesiagn and con*ents cf the mainc2tr2nce manuzl can b2
natched or éirsctiy 1inksd = changyzs iz *he so5ftwarc:
systen. This i3 <the Iirten= of 23D Directiva 5000.23.
2. DOD 2-zzciives angd 3taaiacds
Poilcizs and opzoceduras for 2z231isition of 4=apan
syswem 30rftwazs ar2 diIfereat L2 a25st c23pecte ftom %acss:
1352d oI precurzing antomasz2i datz  prsozzssing sjiipmans
(AD2Z). The iistiac-ion made b2:wsea %h2s2 LWe cCatijsciass of
5 "2rcoxs

a1zoma:2d svs*temz 13 3 dirzct rssult of the 136
7
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q I+ dces rnot include such programming t2chniques as struc-
wur2d orcgramming, but “+his <2shnigue wis not dsvzlopsi az
] <h2 +igz 0% i4is5 publication.
{ I*s wWeaknasses i1acslude 2 Iack 9f <chanysz procs-
K duces, documen*tation s<anjacis Efor iizgrzams (such 2s
Hiezarchy 1Input/Ousput or HI?)) 211 :-=23ressicn tasting
[R2f. 15].
9
b
]
3
p
I 28
¢
b
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The Office of Managasma2nt an Budjzst (OMB) and ths

Ganeral Services Administration (GSA) adninister tha Brooks

c* guiielines. ADPE is controlled by this Act 2231 falls

upder the cognizance of tae Assistant Secrstary of
Defense(Controller). Weapon system software, on the othzar
hand, 1is excluded fronm the provisions >f this Act aad fall
under the jurisdiztion of ths J£fice 5f ta:z Under Sa2cretary
5f Defense for Research and Enjyineering.

There is no centralizsd sourcsz of guidencze Wiz
raspect to weapon system software maiantenrance £or DOD
orgainzations to follcw. Th=ars are masy 3irectives, rsgula-
*ions, specifications and standarids that impact 52 weapon
systemn software *o varying dagr2es. Th2 nost important ones
ars described here.

a. Weapons Standard W3 8505

WS 8506 is considerad %o b2 31 zompreheasive and
var g>od specification for the dJdocum=zntion of orogram
dzvelopnent, particularly in view of its =zarly publica=ion

da*te (1371). Cne of i+ts s«rong points is:

A s=trateqy for maxin aazh _lavel 5¢ dJdocumencation
“esponsive *o _the next” uppar laval (subprogram i2s:igrn
under program design) whizh represencts foresigh=~ in =Rz
use of topb-down _design prior €29 the ztin2 <thisS tara was
in vogue [Ref. 15].
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b. MIL-STD-483 (USAF)

MIL-STD-483 (USAFP) *Configuration Manag=2mant for
Systems, Equipment, Munitions, and ZomputarPrograms,” 1 June
1971, iefines the entire spectrum of activi<es assdociated
with controlling changes (& >ri%izal n323 £for maintenance
work) t> computer prodgrams.

C. MIL-S-52779 (AD)

MIL-S5-52779 (AD), "sof twar2 QJuality Assurance
Frogram Requirements,™ 5 April 1974, r=3iirss “hat a Quali+y
Assurance Program (QAP) be implemented spacifically for the
iavelopacent of computer prograans and ra2latasd documesntation.
Even though +his standard is concerned with the devalopment
phase, it is important becaus2 it can 131irectly affect the
Juality of software documentation,

d. SECNAVINST 53500.1

SECNAVINST 3560.1, "Departazn: of the Navy
mac=ical Digital Systems Docum=2atation apdards,” 3 Augus*
1974, iien &

r2cessary *o supoct both +the iavelopment and mairtr2nances Of
W W 2

S5t
s, rames and dascribes tha+ set cf documesrn=s

are, A reviaw 2f 3560.1 as condaztad

v
t
w
=]
i)
'.l
t )
ot
m
]

S
ermine how w=2ll +this s*andard supports sof*w
nce activi+*y (Ref. 37]. As ndoted by this review thare are
me positive and negative aspacts to tas standari. Sone
S

itive aspects include:

- Apolicablile Jdocumernt s*tatzmz1ts.
- Resdurce budgets (time,spac2).
- Num2rcus examplas.

- Conten* check lists.

ach ssz2cifica<ion.

1
(@]
)]
ot
W
}e
’_‘
[{]
[»H
]
I
o
"
w
o
(a1}
(@]
Q
o
o
D
3
ct
(]
M
o]
[}
w

[P
W




v
| -

P ——

i~

(g a0 o n,'.‘.'.'.—'.".

The da2ficiencies 5f the staniard include a lack
of requirements for the subject of tracszadility, 2 n=2ed for
increassd emphasis on validatis>a, and the use of iaconsis-
tant or non-defined terminology. The ra2visw indicates tke
standarl seems mores orientatsd towards s>ftware development
then to softwre maintenance. Th2 review 1ls> pnotes ths stan-
dard's strong orientatiorn towards the Yary's tactical daxa
systen. Screidewind, [Ref. 3773, racoamends "...2 @more
gsaeral orierta+icn might be preferabl2 to achieve a wider
applicability to a variety of s>ftwire systams."

€. DCD DIRECTIVE 5000J.29

DOD DIREZCTIVE 5000.29, "Manigzment of Computer
Rasourcas ir Major Defense Systams," 26 April 1976, estab-
lishes DOD pclicy for the manag2ment 2nd conztrcl of computer
r2sourczs during system acjuisition. 1aintainability of
sof+~war2 1s called out as a major consiisration during the
initial desigr. It also dirscts that suapadorc: items required
£or cost effective maintenanc= be specifisd as deliverable

s. Documen“ation is lista2d and 1312fiaed as 3 suppor+

£. MIL-STD-1521 (UsSaAR

MIL-STD-1521 (Us afy , "Tzchaical Reviaws and
Audits for System, ZEZquipment and Compu<=sr Prograas,™ 1 Juna
1976, orescribes *hs ra2quirza2ats £or ta2 ccaduct >f tech-
ntcal -caviews and audits in <conjunc+ion wita the 3szumants
jz2fiped in 4IL-STD-483. Direc<ion is providsqd cecnceraing tas
z=view 3and audit cf ccmpu“er prograam coafiguration it:zm

s
<h=221 asscciatzd documentatioson, Each %yo:z 3% review or audit
anl v

i3 d=scriced In 2n appendix to the st azd and can s=cvs as
= Dbaesis for checking «comrviiance Wi main%aiaabili-y
Tzquicenents. The Jdocumentazion discuss2? hercs 13 solz<ed
nore  =owaci systsm i=siga rayizws than <2wards <as

izcumernta“icn oI przgraa listinys.
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g. DODINST 5000.31

DOD Instruction 53)0.31, ®"Iatarim List of DOD
Approved High Order Programaing Laanjuages (gOL) ," 24
November 1976, specifies which HOL's ars approved for use in
conjunction with DOD Directiva 5)00.23. Although +*his
instructicon allows for certain excaptions, it attampts to
reduce the proliferation of HIL's in 3:2fenss systems by
limitiny new development to six approvad languages: CMS-2,
sPL-~1, TACPOL, JOVIAL, COBOL, 3aard FORTRAN. Its major impact
is in the s+*tandardization o5f compilers ard in prasventing
2ach DoD activity from developing its own unique programming
languag2.

h. MIL-STD-1679 (NAVY)

MIL-STD-1679 (NAVY), M"Weap>2 System 3oftwars
Developmern%," 1 December 1973, -establish2s uniform require-
msnts £>- the developmen* of #2apon syst2m softwars within
DID. Strict adhsrznce to the provisisns 2f +his standard

will help ensure tha*t <+the tasctical sofiware so d2velopseid

m

will be iaprecved ovar current varsisns o>f tactical sofiwars.

[ o
[}

MIL-STD-1679 includes develcpamen:ts ia programmingy <=ac!
ncliogy, and management such as s+tructar:z3d prograaaing aad
izsign wzlkthroughs, which hava occured siace the releas f
W3 8506, I- s*ipula<es *he us2 oI higa orisr languigss a
spscifias the us2 of zonfijuratisn manigament o o]
i3=ing Jocumenta<ion witn =h2 progsazn for mailat=sn
purpcs2s. [Ref. 195]
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4. STRUCTURED PROGRA MMING

There are several definiti»>ans and goals of structured
programming. Some of +these goals ralat2 to the dzsign and
t2sting of large so>ftware systams. On2 ds2articualr goal of
structured programming is to organiza and discipline the
program design and ceding proca2ss in asrdar to5 reduce logic
type ercors (Ref. 38]. It is genarally accepted tha< the
goals of st-uctured programmingy inclul= those of software
zngineering. 1In particular th2se goals ac2: modifiability,
sfficisncy, reliabili+y, and understaniibili- >f the
pcogram code [Ref. 391.

What must Dbe shown is how structured programming
supports documen+ation. This is not =2asy to do because
structured programming s n5= 3 universzl and wall definsad
c3ncept. It Is Zdefined in many places, [R=2£f. 39,40,%2], ba+«

b

ns% always concsistantly. Howavsr, i1zs 235332022 is fairly well
understood. It is the practics of of p
nited put sufficisnt se% of zon+zol cons:cs

d 3.2 illustrare +he fiva basiz con
rzquire]l by MIL-37D-1679.

Myers (Ref. 18] provides a list oI szvzn hasic

of a structured program wnich shoull bz apolied -2 help
v

rzd4uce 2I0 ccaplexi=y ani oromete <ciicizy ¢ <hough= b
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e 352 cI =he GOTD statemen= 1s avoidzd wnsnzver psssibls.
e Taz code is writtsn In 21 acca2ptabls: stvla (€.3. u3s
meaningsul varZiapie nam2s, avoil statamen= lablss,
avyid Larnguage =Ticks).
e Th2 codz, 1s properly indzazed c25n =22
5Z24aKks  In =2xeécu*ion’ szgquz2cs c3aa )2
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Figure 3.1

Basiz Zontrol Const-ucts.
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a Do s‘atement caa _be easily matched with the
ND O statement ending th2 loop).

. The-e is onl¥ one point of entry ani one point of exit
in the code for each modula.

e Th2 code is p&zs;call; s=gmen+ed on  the listin o
erhance read* xecutabl: sta+tements or a
mojule should fit' on a single page of *“he lis+ing.

. Th= cod2 represents a siaple and st-aightforward sola-
+ion to the problen.

Figure 3.3 provides an exampls of-structared and unstruc-
tured coding. A structured program 1is structureld in two
jifferent ways. First, it is structuresd with -egard 2o flow
of ceontrcecl and execution of the prograan. Sacond, it is
physically s<ructured by *he us2 of indantation.

Arother way of viewing structursd programming is to see
it as =hose attributes of a prograa that con“ributz to +he
rzadibilty of its form. For =2xample coasider the javelop-
mant of a file management sys:ian. Obvisously one requirzd
function of such a system would be the capabiliiy %> search
for a given file idsntified by a specificz name. Figure 3.4
iliustrates such a function 3s cod2d in th=2 rzcently devel-
oped DOD high ordez language 4)A (see TRzf. U44] for i2%ails
truc-

n

on the ADA language). As cin be szen ia Pigure 3.4
tured programming makes £or 3 1nore readabls and discernible

2juenc2 ci code. The main t2nan+s of structured projyraaming
are disolayed, tha* I1s; hierarzaic relatis>aships betwaen the
lires 2f ccie, a consistart Zinisntation policy, and
E23in-ead g-cupings which 1paks It easizr <o follow <+he

orodaram fliow. Coemmen*s ars 1sed =xzt=2asivly +tc Iatroducs

»

zach new moduls znd s*ruc*ur=z.

The Tesulits cof stzuctured oprograaminy 2re readily appa-
=

&

rzn= with easy *0 read ccde 321 2as3y
Func+icns and precceduczes ars 2o )
the projyram listirg. Th:s cbijscti
v=zT m2aningfal and useful way, self-13

m 1
z2duciny the need <£-or ex+tzraal dccumztrts describiazg  <hs
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UNSTRUCT YU RED STRUCIIRED

IF p GOT) 1label g 1 1IF g THEN |

IF w GOTO label m Eanction

L function 8 faunctiorn

GOTO 1label k 2 IF i THEN
Zabel m M furnction 3 F t THEN

GOTO label k _ G furnctior
label g IF q GOTO label t 4 DOWHILE 4

A Idnction H function

B functioa 4+ ENDDO

C_furction I function
label ©r I7 NOT r GOTO labal s 3 SELSE)

D Zunction 3 ENDIT

GOTO label r. 2 EL3SE )
label s IF s GOTO label £ C function

E funcrtion 3 DOWHILE r
label v IF _NOT v GOTO labsl < D function

J Zfunction 3 ENDDO
label k K function 3 IF s THEN

END function F function
label £ F Zunc¢tion 3 ELSE

GOTO label v E function
label t IF t GOTJ label a 3 ENDIF

A function 2 ENDIF

B function 2 IF v THEN |

GOTO label w J _function
label a A £function 2 (ELSE)

B functjion 2_ ENJIF

G _function 1 ELSE
label u IF NOT u GOTIO label w 2 IF w IHEN

H function 1 Zunction

GOTOQ l1label n ‘ 2 BELSE )
label w IF _NOT : GOTJO label y L fanction

. I _function 2 ENDIF

lapel y IF _NOT v GOTJ label k¥ 1 ZNDIF |

J function K fanc:ion

GOTO0 label k EZND fanc+ion

Figure 3.3 Structured vs. Unstractured Coding.
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je. This thas arn =2Zfect 27 the dessiga o0f +“he i>cument
q =

n detall iIn Chapter 1IV.
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function SEARCH (FILE_NAME;KEY_TYPE)return
EILE_INDEX is
egii
a2 Look for the specifiel Key recjyri in the
-- speg%fled file, returaing the iniesx of its
-- position
pfor T In FILE_INDEX'FIRST..PILE_INDEX'LAST loop
-- iea:ch tre"whole 3ata base, Erom first to
-- last
if FILE_MAP(I) /= NJLL
-- Chfc& data base for 1 null or a
== ma*c
and then FILE_MAP(I) = FILE_NAME
and then FILE_KEY(I) = KSY_TYPE *hen
return (I);
end if;
end loog-
raicse B b_FILE; . ] .
-- Raiss 3in exception 1f the jesired recori
== is not found
end SEARCH;

Figure 3.4 File Search Function.

B« MODULARIZATION

Modules =ace +thz buildiny blecks >f scftwars. 50013
nsdulaz precgrammin usually rzguirss thit =xternal Zintsc-
faces, such as input/ou*put, be iIs>5latsd intc 3szperats
m>dulas. Moduiar pregramming i%szlf is the practice of
iaplementing software 3irn snz2il, funztisnally orisntaced
piszces., These pieces are usuilly iaplesman:=22 as subroutines,
fuanctions or clusters »f functions, Zaca module is davot=4d

“2 cne 27 mcre *asks reiatei =
b2 acc2ssed frcm cn2 or s
sSys=enm.
Mcdulacticty iz of« s defiazi in cteras >f provertias poss-
m

2ssed by "mccdulaz" syste
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interfaces such that each a>duls makss no assumptions
about  the operation of othsr  modulss except whit is
contaired in the interface soacificatiosas.

Modularization _consists of div kdln Brogram l?t
subprsgrams (mc3ules) whizh zan c 331;9 pacately
but which have conneCtlons wx;b other as3ules..,.A Jef
nition of "good"® modul arlgg must =mphasizs t
requirement that modules bz as disjoint as possiblz.

T
mis 0O

Modular _ prograamming is_the _organizirn cf a coaplete
program Into a nunbar of _small unlts...uhera ther2 1s a
set of rules which controls the charactaristics of these
=Vent= -

Modularity Eeals with_how ths structurs 3f an oba ¢an
make the attainment 5f soms Eurgose 2231 er. alarity
is purposeful s*tructuring [R 8

There is a trend towards defining modulzs in terms of %*he
rumber 5f lines of code they contain. Proyramming standards
fraquently contain a somewhkat negativs approach sach as

", ..n0dales shall conzain lsss than X liiss of codz." Somes
aathors feel +ha* <“he size aspsc* is not as important to a
mo>dule 3s Its functional asp2ct. In other words a small
complex module may be more difficult to nnderstand than a
large w2ll structured module. However, the majority s+ill
faver limiting module size, wh2n possiblzs, %c¢ less than 100

(=

ines of code in ordsr <o azintain addilszs as "discrzie
entities and +*o aid comprehsnsion [Ra2f. 33,40].

There are many advantagyes to usiny modules. Parnas
[Ref. 24 ] arques zha*t the most important aispact of a>3julari-
zation i3 the abili:-y to anticipate anid i=2sign for changes
If the functicn of 2 mduls <chanaes, +that module alone Las

“3 charnge IZ =he =zeed for 3 function arisse Aduring *his
i2gigr ohass a mo0dule wizh <als fanctiza zan be invoksi 3=

“hz pcin* ¢f rzed. If an ercor in thae pro> ram s fsund, th=
7

probability Is <that its ccrrzztion will be limi<=zi =<0 212
m33iule. Once A moduls has bazan test=zd, 3123 caa bs zoapilzd
ssvera%zly, 1% can b= reliably wus=2d iy 3ilfsrcept places in

n2 program. [Ref. 41)]

33




VYT VYTTY

Ty

T

Sirce mecdulearization makes the structure of a program
easier to understand while leczaliziag functions and
processsas, +he need for extarnal docuasntation is again
raduced.

Ads 3 fineal notse, thers has to b2 3 distinction nade
betweer modualrity and structur=2d programaing.

This listinction is necessary be-aus2 pro>gram structure
»s a relatively meaninpgless concept in some_programming
languages, such as plaip va231ilila 2ss2wbliy languags (2§
oppos2d tc _assembler ernhanc:i with stzong macro capa-

bility). _ In contrast, 1o53alarity_is asable in all

domaiirs, Thus, the line betwz2n mddularity and structure

may b2 a tenucus one t¢c _walk, but it i5 an impsrtant

dne. Note tha* good_ modulss 1ay 2r @iy n1d% possess good

pregram stzucturé and that bad "modulss nay also posSess

gof pggaram structure. Ths two subjects arfe discsrnable
e L] -*

C. DATA STRUCTURE

In scme programming lanjyuijes
Wiys of workirg with a string >f o
i3 *¢ d=2clare %he string as par:c of

ini thea marnipulaze the string o2y name:

OTHZF_STRIN3 = CHARACTER_STRING

- —— - —

S“cuacture DATA _STRUCTIJIRZI; bejin
2=2m CHARTACTEZE _SIrING 5 chzzactzrsg
iz=2n OTYEA_VARIABLE 32 oi-s;
and S~=ruc=urc2; |

[PY]
(e
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A second method is to use a by+te manipulating funzstion %o
d2fine the desired string at s2very point of usages ir the
pcogram:

OTHER_STRING = BYTE(CHARACTER_STRING,S);

Supposs the character string named OTHER_STRING is u=ilized
100 *imes ir the program. In order t> change <haz s+%ring
format 1sing the first method (FPigur=s 3.51, only on2 easily
i{jentified 1ine of cods has t> chaage. In the seszond case
thece are 100 lines to chanrnge throughout ths progranm.
Lanjuages may or may nct suppert such data st-ucturing.
C3BOL and PL/I provide elabor._.= data stractures for forma+-
“ing repor+* data for printout, . 3dditisn such chipges as
strippiag off leading zeros, insertiny 2 decimal point,
23ding check prectect charactars, and iasarting a leadirg
t the
FORTRAN anrd BASIC cffer no 3data structurz capabili<y beyond
th2 array {Ref. 43].

Da+t3i structure imracts the areas c¢f 39f:

dollar sign are =easily accomplishei. A cther axtrenme

wa g
z2f*wazz main%2nancs,., One @ms+taddology, z2lled %*hs Jackson
pzthod Ref. U45], stresses d=2s3igning *th: prcg a

a
by £irs+t lccking 2t the data s*ruacturas. Ac
Ja

tav a more maintainable orcograzm struckure 23 wall,
Jbviously 4different appiica*ion arezs hava diZfersnt lavels
2 neeé for da=za structucCe orisatation.

One of “ae noticabie 2rfzcts of lacgs sofzwass 3yst=as
13 =<ha= 2lgcrizhms end up traasteormiag d>n:  dasa 3trCuctucs
Intc &and+her cda=a <crtrmicture, DPhis ra2suits in what Jackson
~zoms 2 "structuzIz clash." Th: teasen 37 this ccoaring is
coanenly a prelifszrz+ion ¢f uynazceszsarv c23z, lack f s<ouc-
tired orogra2aming Icals, or Lack 0% dzsiin. Som2tiwnes =hs
"slzsh" L= 2 Z2sult oI a3intenzncs, corz-sctiyve and

4)
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enhanceaert, whsre the changss have adizd information or
changed the data structure to mest th2 current ns23i. Two
s>lu*tioas have bzen proposed in this 1area. Grouping or
"zlustering" of data and abstract data tyoirg [Ref. 43, 49].

Where a se* of jata declarations intarrelate, eithec by
fanction cor by contex*, +they should be grouped togsther fcr
ease of understanding and moiification int> one blozk. This
is the "clusztering" ccncept. If a chang2 is needed it can be
isolated Into one block. Only those modiles which ase that
block of data need be recompil=i. J

With the concept of abstract data tyoiag, such as used
by PASCAL ard ADA, (Ref. 44] all data nmust be explicitly
d2clarel <*o te of a particular <ype. Zzrtain types azar

[}

d=2fined In the lanquage, but these must bs supplem=nted by
progranmner-defined zypes. Associatel with 2 “ype is 31 get of

type RECORD_FOBRMAT_1 is
Tecozd .
ZMPLOYZE_NAME: array(l1..30) >f CHARACTZR;
SMPLOYEE_fATE: floatx;
EMPLOYZE_HOURS: Lnte?er 3132 0..99;
TILET1_RECORD: EKETORD_FORYAT

r————

- - - ——d

Figure 3.6 Example of an ADA Data Structurs.
1z3i<ima*te values which c¢bjsces 2f 2 <ypz nzy assgmz and =2
24 o2n that <yp=.

propec=izs oI 2 typ=2 are i2fired czatcally a2+t Taz  tyos
izclacaticrn, arnd If tThey chaags thay nzzi 2nly be zhargsd in
Z12 plias=; (2 »only =he absztcact prcozctizs 22 2 typs =23
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be known to reference data of that type, #ith implemantation
da2tails "hidden" in +he declaration; , anil (3) strong type
matchiny may be enforced by <+h2 coapilar, eliminating *type
mismatch errors as a re2liiapbility/maiatainability issue
[Ref. 43,44].

As 3 final consideration, it is 2lways important to rame
data effectively. Meaningful names ars2 always pr=farable.
EMPLOYEE _NAME conveys far mor2 information about +the Jatz
vilue th=2n ZMPWAM. This supports tks goal of readability and
tha ultimate goal of thaving the oprogram be 1313 self
documenting as possible.

D. DATA COMMUNICATION

There are “wo basic types >f daca comnanication, intra-
pcogram ard in“er-program. Intra-program Jdata commuaaica<?
i35 esseatially communication b2twe2n modalzs. This <can
accomplishked bty pacamenier lists, global (or common) data
and a -zcen*t concept called 3 ia+ta "glustar®"., A clas
whare a cons*rainzd "sa2miglobal?' datz basz is sharzi amc
iimited rnumber 0f processss >r functions. TRef. 42,43,44]

A pirame-er list idenzifias only <thdse data i a
paramete s ased by sash iIpdiviiual moduls. Tha
<ra=-projram coamnruxrization is by

t [Ref. 43]. the main a1
ed by <he modalz are

'l
j o7
W
D o<
t
'l
bh
.l

“ist a= each peoint 5f call. Yos*% au<aocs ceccamend aiain-

izing =1= use oI global da%z €57 3254 moi1laz and ztrcuczucszd

oragrams. Tae Toasen 2oz limitead uss s =<hz+ 2 molal:z may

7331228y 2 3looel valusz whesa cciginzl valla was coizical o
u?
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the calling environment. This may lead t> undesirable and
untracable side effects. [Raf. 40,%32)]

A sids effect is cne brought about sther _than vza a
parameter mechanisa. It 15 jenerally considered rathzr
undesirable +g write subprdgrims, espacially *unctlons,
which have side effects. qow=vgr som2 side effects are
benefLC¢al. Any subprograa w#hich performs in ut-:utpu+
has a side effect on he file; a_ fungtion delivaring
successive rumbars of a seju2ac2 o°f random anumbers only
works pecause of its side =2ffacts; if ons needs %5 count
how many times a function is calied th2n we use 2 side
:ffect- and so on., Care must be takan whan u51ng func-
tions with side effects that the functisn does no* _=auss
arrors in cther sactions of tis program. [Ref. 44]

The cluster concept is an a*temp: t> fulfill +he need
fa2r global variables. A data s2ase and its family of manipu-
lating procedures is isolated from the ra2st of the program.
A program ne&ding some or all of of tha zlustered iata mus:
2xplicitly impor: It. The <cluster Zts2lf can distinguish
batweer. data and procedures which may bz =2xported or aoz.
The sida effect problem is at least isolated and bounded.
{Ref. 40,42]

Irtar-program data communicatisn i3 o2ro

<

ided =2ither by
passing data flags and blocks through a2 cperatingy s
commuriza<zicn area, o by passiig largsr volumes of iaforma-
tion o021 files. The UNIX concept of ‘“pipes" ia which
predeiined Iiles are auzomatizally rassz3 from cons prograa
> the next is an  exampi2 of this +ype 52
communizaticn. [Ref. 47]
The proper use ¢ laza conau a

flcow and +traczbilisy of procasszs. This, % czu

nein-enarce progrimmer's “z2sk in thsz cerrecsicsn cf

grzm 2rTors and In his unilazszanding  :f %he progTam's
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E. HIGH ORDER LANGUAGES (HOL'S)

High crder languages are those computsr languag2s which
are essentially machine (hardware) indzpznient. This is in
contrast to assembly languagss that ware designei for a
particular hardware architecturza. For =xa2mple, th2 INTEL
8080 assembly iInstruction szt will not w#ork a* all on a
M>torolas 6800 based machine. 1Ian coatrast 2 stardard FORTRAN
program can easily be used on any computar with aa appro-
piate FORTRAN compiler,

High crder languages *end to support the concapts just
discuss2d4 (structured programming, mdodularity, data struc-
ture, etc.) to varying degrzes. FIRTRAN offers moldularity,
but is 1limited for pro>gram structuring and has 3lmcst no
capabilty for data structuring. <COBOL has zxcellent, robus=

apabilities for data structur2s. Other langjuages hava %hei:
strong ard weak pcints. [Ref. $3] Exampl:ss of gcod HJL code
may be found In ssvaral references “Ref. 3%30J,42].

Documentation is support=zl by High Ordsr languages

7

=~

(HOL's) if the language is r2alablsz. FJITRAN is linited in
“nis respect Dbecause of its six charcactar limi% on iata anid
variapls names. Soms HOL's, APL for sxanmple, pcovide ne

-~

csadabilzty at all. APL is very 1ifficult t> understand azftzr

it ig written down, even by the perssa who designed th=
program.

ADA, ~nhe new programminy laaguaye 3zveloped by +hs
D2partm=nt ¢©f Defense, promis=2s td> off=2r the bes* suppoc+

£2- djust  abcu* all the major sof=darz 2n3inzering princi-

pl2s., 4aDA is a large languags since it 33ic-zsses 30 many
il fferz1t issues. Some 0f th: x2y goals of 103 2ze 1istsd inx
Tzble III {Ref., W4 ].

The cvarall objective ¢f <a2 Depar+wnz1=: 2f Defarnsz is 2o
grovid2 cne s*tandardizsd languige for usz Iin 12 tactical

a
snbedd=sl systams. This caar srovide sudnstantial zzomomicz
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TABLE [II
Key Goals of ADA

READABILITY

It is recognized that professional projrams are r=ad
mcre often then they are written. It i3 important,
Rgfrefore, t0o avoid an over-terss notatiosn such as
STRONG TY2ING

This insures that each object has a cl2arly definzi

set 2f vaiu2s and voraventS confusion bstween logically
distinct concepts. As_a :op§aguence many errors ara2
detected by _the compiler which in othsr languages
wouil have led to an executibls but incorreCt projram.

PROGRAMMING=IN-THE~LARGE
Mechanisms for encapsulatioa, seperats camﬁilatian,
e

and library management ar2 nacessary for < writing
of poztable and maintainabl2 programs >f any sizs.

EXCZRTION EANDLING
It is a fact of 1if2 that programs 5f =onsSequencs
are rarely correct. It is na2céssary tc provide a
aeans wheZeby a program cin de construzt=4 in 23
layered ard partitidned wiy so that SJasesquences
oferrors in one part cam b2 containa13,
DATA ABSTEACTION
Txtra por:abilitg and maintainability iz b2 cbtaia=d
« & ap - S <9 - a= o 2 & 3
2% tne Gdete_ls of the reprz2s2ntation >f data can be
kep~ seperate frem *the spscification of *he lecgizal
cperitions on the data.
IASKLIG
For many cpplicatiops it is importznt tha: “he
Progrzm be congzalved as 3 szcies of parallel
actvitles rathaer than just 31s a _sinils sequence
0f ac<ions., Builiing apgropiate faciliitiss intc 2
lanciage cther than ada;n? them on viiz 52113 =¢ 132
operating systsm gives bef<ar portability and
celizpilii-<y.
GENERIC JNITS
In mary cases the lcgic of pir%t of 3 rcrogranm is
~ndeo=ndent QI the “ypes oI valuzs bhziaz manipulztzd.
A meckhznigm 13 +thereildre nacsssary 2T Sas co2ation
2f Cz.a*%ed piecss cf program from 2 s3ia312 templa=s,
This is pacticulacly useful for the ccziaticn of
~ibrarles.

45

.y




- T
A

P —p——
a

T

P

benefits by reducing the number of diffarznt types of compi-

iers neaded. It also promotes familiarity
mainterance programmers. Improved progra
ability should alsc simplify ths document

F. THE PROGRAM LISTING

If the overall gcal is to reduse th2
of documenta+tion anl improvs its quality
“hs paintenance programmer, thzo it is hi
programs be made as self-docua=znting 2

(7}

MmInn€r dre can substantially raducs ths

by programmers and
» clarity and read-
ition. [Ref. 46]

gquantity and cost
and usefulness <=o
Jhly desicabisz <tha<«
293sible. In thils

a2cessity to> main-

tain mul<tiple <forms of dccumentatinsn raprassnting the same

logic. Mary zuthors advocat2 such an approach <through

structured, well commented prcjyram listin
states:

Since we air=ady have the soi2, 1hy 2o
the logic dccumentation?, ..’ addition
such_ as a _flowchart would be undgesi
wouid be redundent with the =>de., ERedun
cf doczumenza*ion sheuid be 2voidsd bzc
~he caznces of conflicts. FaTtharmor?
cakenr <0 upcdat: =he documep+ition (wn:
sult 1£ the logic documsnration is pay
Irom_%tae «c¢g¢éde), _-~edundent iscumsntati
totelly useless after the cola is modii
3i3ss [Ref. 43) 2lsc agrees wita *his pol
The Iocumznis, When they do =2¢3is%, ars
0 ©¢ynicrm 0 2 s2perat2 sevr 0L s
speciiv wha® <-=he gcfiware documenzaczio
A1l =oc rfiequsatly, *<hsse =c331ir=as
iZrelsvent <r 1sSeliéss Informztidn =2
72ai.y nesls. 32, 11 2 Tga. 3e&nsz, a2
~s suopcsed o be a _clarifyviag pizc2 o
up cbsScurizg thres nseded inidranatis:o,
3ecgus= dqccumsntas ion, is szopexats I
pTcdaz T Itssli, < 1s zlsy ITagjuant
ideally, <he Jocumen+ wouli d>e 2 p2r
<ae prcgraa. I ac+yal fa2ct,  this ls
z-ue., The jiccum=ntasicn_c¢an tasrisre D3
22 asir cigh= aiznd would a4sta2mpt =2 a2
3 DIc3yIam afs -2gding oaliy =he prog
z2nd a5+ =h: 12 n1?
43

js. Myers [Ref. 18]

t l=% i+ s=cve as
a2l documentatisn
£able becausz 1%
Iancy in_aay <ype
1482 1% Incrfzases
r u4nless care is
ch is_mors iifIi-
sizally seperatad
>a_ cfien bzzomszs
i2d a few “imes.

nt o5f view sta%lng:

Jansrally wrissern
Jalzements wWwhich
2 is *0 csatain.
1T p-cv*ie for
T =h Inc 2z
_1zc ol
£ na s
21 the s>fiware
iy ou%t _»of da<e,
32t rzflezeion £
cara2ly, i1f zver,
nislz2ding. Whc
<2 corTec-irus =9
i1 dccumantasion




snnhatanal dhe S an St S S S

This author recommends th2 h2resy that the listing be
the place where most sof war° do*umentatlon is ?laced.
Nearly every rnqu‘ramenu documentation desgr,blng a
program _can be me%f and a t exceed2d by requiriag <the

samé iaformation in the ll:t.nq.

por, in general, supports this point of view and gives
explicit direction fer what constitutas 31 well coamented
program listing in MIL-STD-1579. Howavar, MIL-5TD-15679,
SECNAVINST 3560.1 and other 131irectives razguire extensive,
dscailed, extevnal documentation (i.e., o+her than the
program listirg) <o te prodac2i. Jne valid reason £sr this
requirement iIs the need £5c =2xtensive design reviews
rzquired by configuraticn management ta2canigues. A second
r2ason is that, until *he 2id-1370's and <the advan:t of
sy fware engineering techniques 3s discussz3 in this chapter,
the program listing did nct convey a gr=2i* deal of informa-
tion. A large amount 5f English <+=sxt w#as nseded %o explain
the design ard structure of th2 softwar2 ani its associatszgd
iata basses. Even Glass admits that som2 2xternal documenta-
tion will always be requirsd to 3Jive 2a overview 2f +*he
stz-ucture ard the softwarat's dssign histocy [Ref. 43].

This Mextarnal" Jocumentation 1s 31imed 2% specific
us2rs., Jperater's Manuals ars r2apt ) b= read by sp2raiors.
Soacifizaticns acte mneant *o be reiad by osoth custonszrs (=9

give tham the ability tc d2tscmine that t“he problem being
v

solved is ta2 one they want soslved an] dssignec:cs. Tast
jocuments are meant 5 be r=23l by cus=zownars, *o dstermins
that prcper rsiiabilis tachaiguss az2 employegd, and
=3t ers. The main prcblem assdociat2d wiza z2x<ternal

c
&3 malin-zrarce prd
Ffor this feason

a2nd mer:2 ¢n the or
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The 1lis*ing is, of necessity, accurzt2,_ since it is the
program in ali resal senses 3f +he wdri, PFor tks same

reason, it is ccmplete. Thus the o2ly accurata and
current representatior of a program, in today's tech-
nclogy, is frequen+tly <*he prdogram listingy...If tha code
is chanced 2t is much mdrz lika2ly that the dJocuzenta-
t;on,w;ll,ﬁe also._  In_addition, the 2xplanations in the
listing will also 1lik=21ly t> be rzadablsz p{ the intended
target zudience, a programm2y. They will also be in
place where he needs most to find thea. The accuracy and
complateness_a*tributes of tha listiny #ill also t=2nd to
apply as well *o the docum2ntation. [Raf. 43]

The mair line of +thought b2ing develop2d is that recen+
trends irn programming technol>gy, as presented in this
chapter, have shifted the emphisis of projramming do-umenta-
tion from "external" documeats to th2 program listing
itself. A greater de*ail and quantity of information about
th2 progyram :Is now directly available > the mainterance
programaer. This has a significant iapact on the way on2
should 1ssiqgr documenta%ion as a wholisz. Chapter IV will
iiscuss “his point of view as it applizs to a specifiz docu-
asnt, th2 Programmer's Maintsnance ¥anuaal, and how it shou

be designed.
1. Ceommernzing

it has been stated that one objzctive 2o improve ths
Iocumentation of sof4uzre prograa cods

was e
2Z a>re -eadable. Iwe *achnigquas z2lrazdy

discuss=2d wers
i

struactucsd pzcgTaaniag and ths 1se of hiyn orde:- languages.
A hizd =echzique Is “ae pilicing of <=ommznts 3* 2pprogiats
places wizhin the pregram codsz. On2 of zaz m2in 3ivanztagss
ci a2 consistarnt comasn=ting pdolicy is Itz Indsrtendsnce foom

=~2 pBIc3Cadming language used. Therz 3z v
12 30 retT alloW commen*s =Y  be plazzi Ia +he lis=iag
[R2f. W) ].

A sccead advantage is tha*®t commsating closes ths gap
c2-ween CZcmpuzing managers indl compu*t=I orogranmess. rhis
j22> devz0Df nécauss ¢f =—he orogrammecs's absolusz 1z=23 faro
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attentio>n %o details. Thes2 312tails include such itz2ms as
assembly language Instructioa choices, nigh order language
statement type choicés, flag initialization procedur2s, and
the design of nestad loops with if..th2a constructs which
implement the logic of the software syst2a. The manager, on
the other hand, must keep a "Bigy-Picture" perspective of the
system and be able *to evaluate an =2lusive entity called
softwar2 quality. Software juality is of%2n based >n i*ems
sich as reliabilty, readability and portabli*y (R2f. 38].
In order to evaluate all these "=-ilitiss®, <+“he managyser must
= abls to read the program listiag 21nd understand the
iomplementation of the sof+twara design without necsssarily
bsing familiar with all the in's and out's of a particular
prograa language.

Commernts assist in putting mors documentatisn in=o
he program 1listing as well 3s making *h2 program morz -ead-
ible, Commernts explain details about th2 program that acs
0

rot app2zrent frcm the code its21f. Taplz IV provides a list
>f wher2 «commen*s saculd appeat iIn th2 progranm. Onz DOD
aztivizy, <he HYarins Corp's Tactizal Systems Supper+
ac*ivi<y, 21as hrad a great 4231 of succszss in easing its
burden > scf*ware main*enanc2 by impian2nting =z i=z=tailed
coaaenting policy. Although MZTSSA's prograns are mainl

wCitten in *he Yavy's C¥S-~-2 lanjuags, it #3is found =1zt such

2 policy helped zeduce “he amoin* of <imz spent Dy orogranmn-
ms-s cn sofitwars changes ia 3idizion %> the <im2 savings
2-hievel by th2 use 0f 2 higan >-der languige. [Ref. 48]

et OIS TN : L len
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TABLE IV
Recommended Locatiomns for Coamants

At _the beginnning of =2azh moiulz, include th2
module name, the currant date, th .a>dule's |
function, its inputs ani outputs, its limitations
and res<rictions, incluiing assumgzlans, its
srror processes, and th2 namz2_of *a2 developer.
Yajor modules should 21so0 -ianclude2 ths history
2f " modifications: fer =ach changs, the date,
the maintainer's name, prupose 3f th2 charnge
and sccpe.

At each subfunction, whather it bz a straight
seguence of code or a logic brarch or a begin-
ard block, an explanatis>id of that subfunction.
it eachk interface, a cl=2ar dafinitlon of the
interface ani a refersrncz for furthar infor-
naticn about the other side of the interfacs
(where possible).

At_euch group of functioaally or d+harwise
relaved declaratiors, aa explanatiosn of <he
role and makeup of +th2 jroup.

A< each declaration, an 2xplanatisa of the rola
>f the_i+em_and the m2aning, if any, of its
pcssible values.

At each difficult-+o-uniars+tand program _pertion,
ar expianation of what the code jo=5 and why 2
scmpiex sclution was 12s2sSsary.

n
(W9 ]




IV. THE MAINTENANCE MANUAL

A. OBJECTIVES OF A MATNTENANCE MANUAL

In order to datermine hos# a programazr's wmaintenancs
manual should be organized it will b2 helpful to 2xamine
some spacific goals that apply to any typ2 >5f manual.

1.

[

eners

I

The first objective is <to enumecate thos2 general
o>rganizational qualities of writiry arnd style that 1lead to
23se of use and readibili+ 5f t2chrizal publiications and
d>cuments., There are several fac*=ors that insure ths infer-
mation contained in a2 manual are is 2asy +¢o use, Thesse
factors can be characterized into two brsid areas. Ths firs+
area concerns th2 concept +that all :inforpation presan+ed by
“he manual be easy %o find or i>cat2. The second area is the
concept <ha*, once ore finds =1e information, +he informa-

tion is readily undsrstood.

The factors that support €ase ia £inding Information
are coasisterncy, ppinters ana arraargsmen= ([R2f. 50].
Zonsistzncy is *he principle <“hat similar objectz (i.e.
nzlrn*enance mgruals) containiny *he sam=s Laformaction (how %o
unders<:nd ard change 3 compuz2rT prograal be pr2sznted iz
idan+ical ways. In cther woris, 311 nanaals shcald have
iiznpticzil Zfecrmazs. Feaders o3I  the 1p3aazl know Jnat <

sgpect, how =0 lock ZIor specifiic inio
will £ind i-. For a2 prcgram naintsnans:s 13apual It wouli be
pful “hat details cn dazta structures bz in +the gzaz 1o

a

ch section cf +the aza1al.
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Pointers are essential signposts which ijentify
related groups of information. Pointers are represanted by
entities such as tables of .ontents, 1i1l1z2xes anri section
headings of text. Pointers anas>unce +th2 presence and loca-
tion of information within the body of th2 manual.

Arrangement refers to the wmannar of presantation
us2d throughout the manual. Th2 arrangsa2at anticipates ways
in which readers might look for spacificz informa%tion. The
subject 0f a manual migh%t typically be arcianged by alpheber-

izal or chronological order. Subject <classification is
another method. Por =2 program maiptz2ance manual, the
arrangenert might be related t5 the hisrirchical 3J2sign of

the main functions and subfuastions 2f the program or %o
some external criteria., This criteria c51l1ld be specified by
documentation standar-ds incorpiratsd in iirasctives.

The factors +*hat support ease 2¢f understanding are
simplicity, concre+eness aad naturilness {R=2f. 50].
Simplicity is +the concept thit 3 writer saculd use 3 vocabu-
lary and writing stvla =hat sui=zs %th2 intended readers.
Adnmitteily, one assumes +tha* any paricular- p=2rson having the

nsed <> read a main<enance nanual caa anderstand f=zircly
complex compcsitions., S+till, the goal >f simplicicy is =

k2ep th2 <echrnical "verbage" t> a minimun, while prasentinag
2 clear arnd logical flow of 1escriptiva information. In

3idition, 3 dictionary or apo=ardix sad>1id be incladsdi o
OC

supply isfini<ions any M"ouzzweris" foc cla-ification and

sonsismancy.
0

Concre=eness 2nsures tasat varpil d2scoiptisns azs
moce spa2cifilic <nan g2n2zal., It also iamplis <ha< 2xamples,
3iaqraas and poictures be provided S50 z2aplificatisn ani
clarifizaticn, For pregram m2itzenance 3211215 “he bast 4yoe
3% diagrams =zc  1se has seen 3 1ang  histdoy oI contsovarsv,
Hiaraz-chy 2ilagr-ams, €.ou 2za12C-%s, 4123 charc=s, 224
Na 3SI-SCNIZIIDcaMAl chaz=s, ans:13 o*%hers, 1272 S&en T 1€ Mo3*
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usage ~Ref. 51]. New developments sach as structured
program desigr languages (PDL's), autoamit:z1 grapkic packages
and abstract data typing for +he desiga process are rnow
being used %tc supplsm=ent verbal descriptiocans of the sa>f+tware
[Ref. 49].

The ccncept of naturalnass proviias the reaisr wi<h
the wunfolding of informatisn in an ocrisrad amarnnzr. I«
sasures that readers can verify thsy are on the rvigat track
and wili ultimately £ind wiat they Aare loocking for
[Ref. 52].

2. BRecord of Desig

(18]

(=]
ot
[1}]
e ]
W
=]

The seccnd sbijective 2f the progrimmer's mail c
manual 1s to provids programaars and manigsment a racord of
the philoscphy of design and historical Isvelopment o h

o)

th

Tware, Le manual must inclade a coancc=ts represantaticon
the software dJesign as w=2ll. Glass  R2f. 43] Isscribes
ur catagories of docamerts waich coull hs iIncluded as pac+

a

maintenarnce manual.

_ Design nrn*tas explain asw 231d why secticns £ _tae
g>itwar2 evolved into *thelr pr2sent stic2. They should bz
prgpar=sl in scme sort oI standard format, filed chroaco.ogi-
cally and cross-iadexed “o =<h2 progran sois, They Jo no*
nave *o bpe de*2iled but shoall oprovids 2 370d ovsoview of
th2 conzepts suppor-ing a varticular desiya apprcach.

e PROBLEM ZZPORTS
L. Problem r2por*=s are ©=22rds 9% p7oblems encouncared
duzing tre design procgss. Thzy should 3ascribe tis prchlza
1ni ifs ul*img=-e soluzion, Th2y ar2_ =svsn:tuaily placsd in =2
pzrmaneat historic file cpce_ th2 Iinzl i%s;a: 1§ Tix=3, Thav
at3: ex<remeiy us3iul in isolzting srrors that cccur Juciag
system tssTirg.

o TYPFQVIMZINT 22ZBOXRTS

~ Improvemens ISpor+s ac2 suggestions and coll=c=ions

2% Zdeas heid for future chaazss +«co De ifncocperated lnte +he
z>f~var2 svstem.  Thev can bz 1n2jcr laprovaadnis ¢T cosmstic
22iy. A reascn Ior do6ing this 1S5 %5 p23s scund Id=2as i the
d2gignars *o *=ie malin-enpance prdgrammers. Thase 18233 may D2
a31oful whe; &idirg enhzncen21t$§ as a rssu.t cof chang=2& in
1zar's -equlisa2men=s,
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e VERSTON DESCRIPIION
.. Version_,descriptions_are nuabared cgangas “hat
dsscribs the modifica+ions aad 2nhacnc2ments added to 2a new
ra2lease of the softwars. Each numbered change shoull have 2

completz list of the changes #here th2y wa2re made and why
3 1list of the problen reporﬁs clcsed and a Jdescripticn of
the impact of the changes on th2 users in the user's teras.
The structure and descriptisn o5f the softwar2 systen
dzsign 1is best ke2p* as sinple and straightforward as
possibiz. Before the advent 2f siructur2d progranaing arnd
structured design tocls (such as Program Design Laaguages)
*h2re wis no <standardized mann2r %> repra2sa2nt +the s3ftware
dssigr. This is still a problan today, 2specially when on2
d=sires to have "procfs of correctness" +5 dJdeterminpes that
the software Is frez of errors [ Ref. 49]. The bes* that can
bz deon2 is to use 2 combinatisa of items such as hisrarch-
ical Dbilcck diagrams <o list the mnajcr =rodules ani their
cootrolsdata flow relationships, grouping of daza itenm
dzscriptions Into "clustars" based on usijyz2 of “he data, and

codinrg the design with a wsll organizai, modularizad and
readabls high ordar language.
3. sSuppor: Mainktenapce 2zdiraamsr's l[2sks

Trte prcgrzammer's maiat2nance manial should be <+h2
single locum=rt *hat programners resd > rzfer to faor

S
ware mainterernce azctivities, Tae m2nu2l has to ba complets
i

in that 1t must <contain 3li  ths infocpa<tion nzzis: by
programaers 0 accompliish thelr twWw> orimarcy tasks;
cs-recziag erzors (moAfica+tiony and 233117 new cavasnili-lizs

To supoczt these <asks the manial shoul
&
e

organizzd, corncise 2ad therougn Jescziotisa o warsz,
I mus* contein btotn an overall A=zsign viaw and 3z iiscrzte,
da2tailei procedur:z by orocedurz vizsé. Iz 133z =2 describe =211
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range of the output data. In a real-time contral system

where the software performs cor21%trol functions based onrn the
parellel processing of data, the logical control rasponses
to various da=za inputs must be specifiei.

Data s+*ructure and organization has to be dascribed
in detail. Enumeration of ii%*a n-mss, descriptions of
tables and arrays and how th2y are uss2i, initialized or
otherwise maripulated by %th2 orogram is >f primacy impor-
tance, Cross-reference listings, which list each data itenm
and every mcdule, £func%ion and proc=z3urz where that data
item Is used, are valuabls aides £for understandicg ths
program.

Finally, *twdo gereral giidelines mast be kept in mind
if +he manual is to support zhe tasks »>f +the main*enancs

pr>gr-zwprer, TFirst, The manual must praovide for zomplex

W

tracability from the user's oparational -2juirements to +h

[

ac*uai orograx listing (lines of code) so that if 3 raquira-
mant changes then <+<ha approoia*e cod=z can be <correctly
changed, deleted or new code adied. S=:c213, +the manual must

£z easily mcdified and the chaiye racordzl properly in order
t> reilact <-re changes *0 the sotft“wairce. [f this Zs nrot dcn=
“he manual sccn bacomes outdaczd and is2l2ss as a2 aainta-

nance *5c¢i. ([Ref. 43, 51, 53]

B. DEPARTMENT OF DEFENSE REQUIREMZNTS
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activities (DOD STANDARD 7935.15) aad thos2 U.S. Navy stan-

dards c=2lating to software maintenance dd5-umentation.

1. PRrodgram Maintenance %aiual

A description of the D30 r=quic=sm2nts for a program

mainterance manual is presant2d in DID STANDARD 7935.
"Automated Data Systems Dozumentatis>a Standazis,n
Szptembzz 1977, The standards main oria2ntation 1is tow
documenting large data processiig systeas, however, it
bs used for :Imbedded tacticali control systsms as w2ll.

1s,
13

ar

[o N

ca

i3

A

copy of the format for ths Program Maiata2rance Manual is

orovidel in Apperdix A.

According to +he staniard, thz Ma2intenancs Mz2nual

(PMM) is to be divided ints four major sa2ctions. The first

ssction is required +o give 3 genmeral isscription of

the

pregram; its purpose, history of devzlopment, ard define

other d>cumen*s used +*o support <*h2 program (User's #Manual,

etc.). The second section cosntiins a systz2m description

to

include applications, functions, Input/>utput and informa-

tion on summary repor*s. Details and chacicteristics of =
procedure and subroutine taat would b2 of help to
mainterarce programmer are td 22 stated. tems such as 4

ach
ths

ata

rszcord types, *able charactasrcisitecs, axi+* and brarnching

orocedures, interfaces, descripticns of werking and out
files must bs <specified. Ths thizd sa2stion is ¢o dsscr
he cperating envircnment t5> inclule wha< suppor: z30ftw
is neeisd. This saction is alsc <o :z>5nzain a :22m
dzscripricn o©f <he da*a bas2 as well 1315 specifying
storage mediz €for the data bas2 (tape, 3i3k, or Zintszr:
The fourth section is *o contain inforaasi
main%enznce rroczjdures. This will Include inf
labeling cf func=ions, subrouzines and ii%a
4i<h =hs progrzmming standards 1%4ilized. This sectinn iz
£

zon=-air a ccry of <he orogram listing ilzs:z1l

puz

ibe
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2. Prcgram Description Dosument

The Program Descriptioa Document (PDD) is rsquired
by SECNAVINST 3560.1. ts purpose is to> provide a complete
technical description of all proceiurss, functions, da<a
structura2s, operating environe2nt, op2-ating constraints,
and data base organization of the softwars system. The PDD
is to d2scribe and completely i=fine th: basic program logic
and proyram procadures for 2asa system <control subroutina.
The PDD is also required to be directly —related to the
program design specifica+ions which are the fermal furc-
tional requirements of the softéare syst=n. The PDD is, in
assence, the VNavy's version >f a DoD »orogram maintenance
manual. The ©PDD does rot contain a <copy of ths progran
listing or a complete data basa description.

3.

| (%)
fet
bt

ata Ease Design Docuazj

The Daza Base Dzsign D>zument (DBID) is reguired by
the same instruction <o provid:s a complat: d=tailed dsscrip-
*lon ¢f =all common Gata itzms necasSsary *to Carry dut *he
functions ¢f the sof<wars syst2n. Zomm>n 13%a is dszfined as
tha+t data rsquired and used oy t40 2r more subprogrins.
Exaimplies of commcn da*a includiz constants, indexes, flags,
vaciabl2s and <ables. The DBDD is t> be based on the func-
I

-

“icnal or perZcrmance specificatiors. ALl ===
>

-

{ DBDD Is tc cenform *o thz pr e

El pcogram cesigr spescificaticn ani  the par:tizulaz progyrammizg
languag:s emgloy=2di. Th2 DBDD has *2 g;'e an orczatnized,

L ijz2tailzi descrin-ien of all i3ta opbj2czts o iazcluls  suck

E charact2risi-cs 2s purpose of tae 3ata ocojzc%, £izl3 name,

:l size, nimeric %<vyp:s (fixed poin%, <€loaziay vpoin=), =cangs =°
vilues, initizlizszd cenditicn. A cross-czfzcence Listing of
=2ach ccaron ie*ta i1z=zam (%aple, Zlag, =tc.) L2 =2ach proIrza -°rT
s1bprcaram whes2 1< 1is used 22 set Wwill bz prooviiad,

q
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Togram Package Dogument

The Program Package D>>umeat (PP)) is designed zo
consist of all the ©program material it2ms such as cazd
dacks, magnetic tape, disk packs or priata2d4 listiny of th=
softwar2 ins=ruc+ions. The PPD is t9 include an arcor free
listing of a compilation ¢f ths source program and any data
which is necessary for “he program to run properly. Examples
of thes2 data items wculd be ajaption 3ata, data fil=z cons~-
tants, set-up (initialization data anl program paramete:

values.

Tke DoD approach, 2as standardiz2d in DoD 3TANDARD
7335.1S, SECNAVINST 3560.1, 2131 MIL-SID-1579 (Navy) are all
based on “he supposedly "good managament practice" of havin
*h2 maintenarnce documentation of 3 software systsa be 2
co>mple<2 set of English +*ext. Information «conceraing ths
program is compilsd into volumss taat, in complex sys+zms,
can reach several feet in wijtn. All %ais taxt infccana+icn,

2s brizfly cutlipned praviousiy, givas 1 sSys%em overview,

a

z¢p-ains each iz d structurz in *h2 system's dataz bzss,
r

n
shows contrecl £low, data £low, ncduls in+:

T

e
0

fanctizcas. ALl <his infermation, in and 5f i<s
!

bty +he maizzena:

)
izformaticn is much more valuapl2 <o “h2 program:
S z ©

integraz=d in%o <ths prog-am lis*ing. > ceiterz-tz: W,,.
coumercaticn irfcocma-icn aboit 3 sofzwiz:z sys=s1 09z:l2ags,
i: most cases, in +he listiag 2f =22 orcgram il4self.

[Ref. 53] There are “hree Kay -=2asons way 3iscumsnw2tion, =3
?

cssiblsz, sasuli bz placed Ia *+as
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The first rsasoan is that praograammsrs tend ¢o
They would aush rather be
code, which is what they do b2st and fz21 the most
table with [(Ref. 54]. If the documentation is an
part of ~he listing then using readable data names,

writing documentation.

down a few lires of comment £5 explain 3d5w a proc

works and c23i2 becones
task. The

paper-wdrk drill

function structuring the

casier programmer is savsl frcam the

t> lock
figure

of having ap 3 separate

maintenance document, our how i%*s organi

whare the needed information is and ¢thsa submit

Su*lining what program modifications or 2nhancemen

mida. The programmer can b2 nore projuctive
both tha

Having the ¢33z and docunm

by ¢

two steps into one by keeping documenta

program code up to> date.
notivation £

“>ge*her car be used by managars as a

dzmonstrating less work for th2 progyramms:cs in the 1

Other benefits can bbe <=shown as in thz case of

'y

rocgramming team to develop a largs seftéare prcjec

thz tean can design

*

T2 team Jjust to design and wrisa

5 t
Ths documentation design carn e directly
suppor<ive ¢ “ne sof+ware dazsijn.

The secornd
listirg is *c¢ enhance manzgaments spaa of
nza+icn2d eacli2r, *herz is a Lirza3e czgui-sz2ment for
“> Xeep a big-pvictur =2 view and be zplz :to supervise,
prcgraamsr's activities and progress  wh
ing main-enance tasks.

vides *he aeans #wh:zcr=2by
€

g
would 5 loncger b2 required *o evalua*2 zhanges %o
anl i+'s asscciza==3d decumenta=ison 223 thza aave %o

53

“he docum2ntation as they de

reason f5r olacing 3dsccumenta+iorn

dislike
writing
comfor-
integral
jotting
2dure or
a ouch
tedious
program
z2d and
a change
ts were
>mabining
tion and
antation
aztor by
sng run.
using a
t. Hers

cture of the software. This can elininate the a=223 for =2
a he documsn=ation.
related to and

ir %hs
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make sure the documertation :c-hange corr2ctly reflects the
co>de charnge. In essence it is desirgd t> avoid a "iouble-
sntry bookkeeping” system whars <+h2 docun2nta*ion da2scribes
the software as the maragers ani programm2rs think it works,
and the listing represents how the softwarzs actually works.
{Ref. 53]

The £final reason is that a program maintenance
manual aust remain accurate anl valid as long as thes soft-
ware system is us2ful. Programaers mwmust b2 able *o juickly
logically use the documentation to urnderstand what a section
of code is accomplishing and hoe it is 3oing so. Again, if
user's requirements change, it is essential that -“he soft-
ware be changed rapidily and in an =2rror-free maaner as
possibla. If a w@maintsnance prograamer cianot tell how the
code is workirg, <changes basei on valil as=2r needs, or for
any othsr reason, will be difficul:t at bast.

C. A PROPOSED "IDEAL"™ MAINTENANCE SANUAL

To svercome the difficultias with uplatirng *he docuaen-
wa%icn and ensure *+hat the documentation is in a form tha+
s readily useble by programasrcs aad managyscs forces one *o

onsider a revised format for a1 prograa naint=enarcs mazual.
Thes manual ccntents presentsd hrere ar2 based on thz advan-

a irkersen* with tne qualitzy ard 3=2:%3il <+kat the DcD
ire ard those advantagss 3aipz2d frem incorpo-

twars sngiazarcing ras:zizes, Tha2 "Idizal®
pfagram  mairtnenace amanual #ill bz 31iyided I1at> fzu:z
s2z2zicns: ("M Overall Prograa Struc<wurs, (2) Ths Pcc3yzanm

1S, (3) A Da*3a Dictizaary, aad (W) Supplzaental
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1. Qvegall Program Structuce

The overall program structure should consist of
wdords aad pictures indicating how the =sntire systzm hangs
together. A functioral block 3iagram, which shows all major
mo>jules, procedures and functions is esszatial. This 3iagram
rapresents the system structure, the =x2cutior order (if
possible) and data flow. The soction sh>ald contain a well
crganizad index, logically arranged, which points thz way to
d=tail level documentation in the listing. The index should

sflect the block diagram and the d2sign >f the syst2m. Ths
index should locate major data structurss and da%ta clusters
within 2ach modul=. This seaction should contain a3 written
tax* irntroduction to the overall purposs and function of the
sof twarse, the hardware configuration us=d for t25ts and
evaluatior prior +*o softwar= delivery, arnd +*th2 targst
computer system (tactical cr 1ata procsssing) the sofzware
is to run or. Each module of the program will be lists=d, =
rief dzscription <f =he module given 131nd the £function
rzlaticnships/intarfaces with other m>3ules complately
annotatzd.

Finally, the sectionr <should state <¢h

e
czsponsible Zfor the program izsign anid isvelopmernt, the
€

ot
Q
t+h
o
'.‘-
n
w
=
w
¥
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and reaiibility are to be emphasized ovar 2fficiency. It is
important that the program listing be cl2ar, conciss, struc-
tured, well desigred, wmodularizad anil straightforward.
(Ref. 48] Each module should contain a da2scription 2f what
the molule dJdoes 2nd what procelures or functions are
contained in the module. Each modula2 should contain 1a
s2ction for data descriptions >r daclarations, global and
l>cal. Table, variable and flag dazclarations may b2 ssgre-
gited and logically grouped.

a. Physical layout

Good physical 1layout is 3J2fined as "...that
property of a »program listing which aakas i+ capable of
pb2ing r2ad and understood by 231 programm2c not familiar with
the projyram." ([Ref. 48] Gooi rzadibility a2y be achizved by
2 variecy of techniques, some of which ares; seperation of
logically related groups of coie, separition comma2nts and
code, blocking (by wusing liizes of sta2risks) lengthy

3

commen*s, the appropiate use of blank linss logical inden-

v2tion and the 1lining up of bejyin-epd, if-

All the tenants 2f s+*tructursl
ing

discussed in Chapter 1III, are kay

physical 1laycu*. Figures 3.3 aad 3.5 llustrats Lis

physical structure. It may be imposed 21 the code, as wi%h

assembly languag=s, or be part of the linguage syantix, as
wi<h ADA. (Ref. 38, 39, u42]

b. Commernzting and ¥aaiag

The use ¢f wmeaniangful cemnzats s of prinacy

impor<ance =0 increase undacs+<anding £ “h2 orCogran.

lain amplify and supolzment “h2 listing

Commern=s shculd exr
n hot

< ’
ho =hs cada, F>- 2xample:
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-- A message has just been inserted int> *he message
-- gqueue,

-- Increment ¥sg_QUEUE_Ppointar s> that it points t»>
== *he lgcgtlon Where The n2xt massage may be

-=- inserted.

Msqg_QUEUE_Pointer = Msg_Queu2_Pointer + 1

Figure 4.1 An Exampla >f Meaningfal Comments.

does nothing to explain why N is being iacramented. A betier
2xample is ilius*rated by Figurz 4.1 .

If a program moiul2 consists of more than cne
procedurs or function then thare should be commentary for
each procedure or function. Th2 comments for each praocedurs
acd functicn should centain an 2xtensivs, detailed isscrip-
*ion of how the procedure opsrates ani i%s purpos2 in the
modiule. The seaquence oOf procassingy should be described in
chrenoisgical order %o inclade +he <zailing segquznce of
¢con+%rol. The hi=rarchical stcacture sf *he moduls can he

rzflectzd in @ like manner as comma2nts S>31low ths ohysical

indentaticn. Table III lists o>ther critzcla for commenting
as discissed earlier.

AZl names for data objscts, 1odules and proce-
idures must be descrip*ive in rature. They should attampr %o
embody -he chazacterisitcs of the 3z*a i{t3n =-hey -spresern-=.

Wanes si1ch as ID_3uzifer, SINE_Finction aai PAY_RollI_sSUH have

inherent mearings and are easziar for *hz programmer L2 trace

thzough the listing. Nam=s such as a, ¥, ¥, or XYZ arcs me2an-
inagless. kelat=d da<ta i%ems and proc23uces shoull havrs

rzi1ate? names which dJdemonstri*s *h2ir in*erconnzctians

[Ref. 43, 44, 48]
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c. Data Declarations and Da2finitions

All data items shoauld be gr>iped and organized

according to *heir logical uasage. 51lobal data =2lements

should be defined in one locatisn, Local data elemsnts are
t> described in the rrocedure where th2y are manipulated.
Tha technique of information hiling, whar2 the structure and
characteristics of local data 214 paraastars are unknown to
procedures in other modules [R2f. 2%], 1s *o be utilized to
“h2 maximur extent,

If +he programminy languages dJdoes not support
strong data +yving for data declarations, as in the D2D higk
order language ADA, tabls,

data deciarations must cont2in meaningful comments. These

+hen variible, array 314 other

comments are to describe +he purposz2, initial valus, rz2nge
ard distirnct structurs of =2ash data =21zment. Figure 4.2
ra2veals Low a data table (or r=2cori) would be declared ir

type MONTH_NAME is (JAN,FEB,¥AR,APR,MAY,JUN,
JUL,AUG,SEP,JCT,NOV,DEC) ;
tyre DATE is
cecozd
DAY: INTEGER r£rzi17e 1..37;
ONTH: MONTH NAME
YTAR: INTEGER
| erd Ta2cord;
[
1
L - d
Figure 4.2 Example of aa ADA Data Table (Racord).
ADA. The tabkle i1s called 'DATE' =2nd his <-hoee coapernents
named 'Dav¥Y', 'MOWTH', arnd 'YZA', DAY 213 ¥ZaAR ara 1=finsd
=3 de of =yrs INTEGER. MONTH has a3 s=zpo:rite =ype 22clizTi-
~icn czelisd MCNTH_NAMZ., INTZEZ33% 15 assanzi zc be 1szfin=zi by

24
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[
' *h2 support scftware of the system ard hiving “he mathemat-
\ ical characteristics c¢f all integer rumb2rs. Variables and
rc constants associated with tha +table DJATE can then be
p Commant
Y TABLE ACCOUNTS _ o .
! =="0Sed to store information on 400 Bank
s accounts. Consists of four zlsments.
1. ACCOUNT NAME(ACCTYAME)
f' -= Contains up *o 40 ASCII characters.
3
L 2. ACCOUNT NUMBER (ACZTNRI .
s -- Ranges fora Zer> +95 3399 arnd is >£
i numeric typa2 INIEGER.
3 3. BALANCE (BALANCE)
: -- Ranges fora =-9999.99 t>5 9999.99
£ dcllars a2nl is 9f num2ric type
) REAL.
4. FLAS (ACTIVE) o
== When TRUE (=1), Accouat is in uss.
\ When False (=0), Account is not in
use. Is o2f logizal ty>2 BOOLEAN.
“‘( Misczllansous Y :
1 ==-"AT " program_:ignitialization tins the
entlire table igs flushed (s2ct_*t> ZERO).
Indices (or polintars) relaz2i $o this
table are the zamz] variablas LASTACCT,
: NEXTACCT and NEWAZZT. 5
TABLZ ACCOGNTS V DEN3Z 400 3
FLELD ACCTNAME H 20 5
FTZLD ACCTNR I 14 3
i FIZLD S5ALANCE A 22 S 7 3
i FIEZLD ACTIVZ 8 3
s END~TABLZ ACCOUNTS
¢ - -
b
1 Figure 4.3 Example of a CiS-2 Data Table.
;‘ i2fined, An exampli2 would bz 3 variablz 12m2d 'D' b=2icnginag
} =2 tType2 DATE. Befre 0 is us2d or initialized i+ aust he
fuzther deifined., This is 3on2 by by d2ad5%izg D with 2 io=
£2ilow2i bHv *he <oampcasnt 23me a3 ia (D.DAY:= 43y,
) (D.M0N71:= J0L:), and (D.YZAR:= 1773). 2 is cilsaz ta32-= 3l
s
b
b - -
, o2
K
!
h — ——




the at<ributes of *he table called DATE 2re readily apparent
i to the naintenance programmer. The reaiioility of 2ach da*a
k( object clarifies the purposs and structure of ths table.
[Ref. 44 ] Fiqure 4.3 gives a1 example >f a common way <o
daclare a table using the Navy's CM53-2 programming language.
. The us2 of clear and concis2 comments fulfills similar
h! objectives as data *yping in ADA.

3. A Data Dictiopary

A data dicticnary provides descriptions of indivi-

b Site Qi o B A Ad g

jual data entities and can b2 1sed as an index as t> where
the data elements are declared in the projyram listing. This
] is extra2mely useful for largs orograms, i.=., greater than

10,000 lines of code. The 23ata dictionary can 2nd should
provide *he formats for the dazlaration >f data within +the
program while being a catalog of the 3Jiata resourcss of a
s>ftwars sys-em. [Ref. 55]

The data dic<%ionary d=fines ths 1>3ical organiza*ion
and physical crganiza*ion of *12 system's Jatz2 entitizs. Ths
logical organiza=ion specifies requiremasnts fcr da%a 3ccess,
modificz~ion, associa*ivity and othsr system oriantated
zoncerns. The physical osrganizicion definss £ile stracztur
rzcord fcrma-s, hardware depealent procassing features
j2<zabas2 managemen% characrtaristics. All 1a+=a s<ructares =1
-he operaticns tha*t are t¢ b2 perform2d on =2ach structurs

o) 0

uld be identified in +the 3iczti cogram listin

p
can be =c-eferenced for details on da<a :zlzmen%*s 1azd <hose
func*ions or opezations dependszait on “hzs:z zlements. A da=a
iic+tionazy carn explicitly reprasenst th2 -2la+ionships 2mong
i. data 2pd *he constrmalin+s “h2se elen2n:s place o2a 3z=2
[ stTuctures, Algori+hms that 123y zake a1ivaiazaje cf specific
data cela+~iorships can be mor2 easily 1zs3igqned ard noiifizji
1% a diz=icnacv-like da=a spacification z2xists. [R2f. 56)]
q
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It is appropiate that the data dictionary reflect
the structure of the program listing as closely as possible.
The conzcept of "mapping" the ilictionary onto th2 1listing
ensures the consistancy requira23 by maintsnance ac*isns. It
is cri4ical to the maintenance programm2r t9 know which data

items effect which particular modules 313 vice versa. A
cirefully designed and intsgrated data dictionary is arn
essential tcol for any modificatiorns or 2anhancements to the
sy>ftwara.

4. Appendices

This section of the maiiatenance piaual is to corntain
that supplementary informatioa which is of a thistorical
rature, Examples would be not2s on th2 3=velopment of the
wars design, problem reports and laprovement Ispoarts as
ripad by Glass [Ref. 43].

ccnpiete descrip+ion of %+h=2 intenda2d opa2rating 2nviron-

In a sepa-ate apperiix could

2an<, hardware configura<ion and >psrating syst2m suppoct

izsired or required. A contianuous fils £ each wversion

o]
ralease arnd a log of all <chanjyes aade t>o *he pregram (who
>uld

T
mnade <hem ard £for wha+ ©23s0n) sk be ianzluded.

A finel zppendix shoull ccntain 3 se+x of standacds

£ ceonmenting algerithmic <stIucturss, and thz 1a*2
T T ds £2z commeatiig ars asa2ful £for

zon1sistancy &nd %2 enforce z2adinilisy £ =he listing.
Standazi algoristhmic struc=ures pr2vids 31 Z-amewcszk oI <he
Izvelconent of module libracias. Suzh libraviss czan b=
1221izei <c 243 znhancements T the pooycam 1n 2 snoTs
varZcd 2f %“ine since <he mcdulszs involvad zze 2already tested
$3z ezror free zspsra*ion ari thz functisns  Oor ssCvices
coovidel bty =-te module are w=il known. S=andaris oo =ias

i3%a Adlc*icrnerv oprcocvide cZomasnw ir=zrfaczg  be<wzzn  %he
nazdwars/sciwware sys=zm 2and -a12 uses orsinizacian., Thiz is

Cepy availatle to DTIC docs not
permut fully l2gikle reproduction

Y""'\"d'\"—]
. - .
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accomplished by specifying the flow and storage locations of
data entities within the organization or #ithin the zomputer
installa“*ion {Ref. 55 ) Standards for a Jata dictiosanary can
also provide a library of stanjardized iata structure temp-
lates %> be used for representing the 133ical and physical
charac+2ristics of data entitizs within the software systenm
databass [Ref. 56].
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V. CONCLUSIONS AND RECOMMENDAIIONS

The Department of Defense has an urg2nt requirament %o
raduce the costs of software maintepance iuring <“h2 coming
dzcade. Recent advancements in the m@mz*hods c¢f software
engdineering such 2as modularization, structured Jesign,
structured programming and data abstractisn have contributed
to greater program comprehensiosan. [his iazreased comprehen-
sion leads +*o easisr modifications to 1n=2e%t a dyramicalily
changirg environment.

It is the <cpinion of this =zuthor that the bznefi+s
obzainel from proven software 2ngianeerinjy practices can be
r=2alized in +te program maintanance manazl. These principl=s
car and should be aprlied to the lesign and standards for
such a manuwal. The informatioa availablz s<rickly from the
program code itself forces us to juestion the practice of
k22pirg the documenta+*ion sa2perate Zrom ta2 code, 2and lezds
t5> the cornclusion +*hat 1% shoull nst be seperate bu+
integrated inrto the listirng.

Wi<h this in mind “he £f5ilowing recoamendations ars put

forth:

e Th2 precsen* standazds £oc so>ftwar= documentation be
reviséd %o incorporate. the aost i1sz=ful aspscis of
rezent sofiware enginesriagy technoslayy.

e Szudiss should_ be undertac2n wi<h th:z 32al of stzrdard-
izirg ~re-mipnpology for s>ftwar=2 malatiaance 3Jocum=rnis
anmong all DoD acivitiss.

e A framework has btsen obropssed for a1 odrcogram maintanarncs
maauali. Thiz €framéwscg sho1:1d bt Implsmentsed 214
-ested cn varisus size ani tvess of s5f4wire sys<ams <o
discover what savings 11 “<ias a1d =rwonsy can 32
achleved.

CC‘pY Qvoll L\'? ‘\‘1 D;r:::c RS
- permit tully legible
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PROGRAM MAINTE MANUAL (DOD)

from: DOD STANDARD 7935.1s, "au+tomatad Data Systens
Documentatior Standards," 13 S20temdber 1977
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This paragraob shall ptaviie
eferences _app licable "t> the
p of the project. The gen=ral
+he syst (tactical, invantory _control
man2gement information ztc.) develogeﬁ
ifjed. A briesf ioscrﬂpﬁﬂan of this _sys*
its purpos2 and ases. Also ’nd;:ated
e Ero%eCt spons>r and usar as well as the
ating cen er (s) a+ will rup <the <complated
ater” programs. A ist of ap%ll cable docuascts
l be Included. At st the allowlng shall bs
ified, when appi 2, agthor or source,
rence number, *i*l security classification:
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a. Users Manual.
b. Computer Operation Manial.
c. Other pertinert documenta=isn 2n the

project.
1.3 I=zms and Abbzsviazions, This piragraph shall
grov:ge_a ITIs¢ 0T 1ncIuda [in an =zpps)dix. any <3rms,
efinitiors or acronyms unijue to this document and
subja2¢t tc Inserpretation by <the ussr >f the docuaant.
This list will ro* include item namss >r data codss.
1
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SECTION 2. SYSTEM DESCRIPIIOJN
%.1 Systenm gggl%catlon. Th2 Bu‘ cse >f the system and

functions I¥ performs sha e expla;ned. A parti-

cular application system for exanpl ight secvza to

contro; mission activities by ::eptlng specific
uts (sta*us regorts, emergsancy conditions)

°x ractirg items of a+a, and der;vwng other itens of

data, _jn oxder *o produc2 b¢th infofmation about a
specific m.ssion and_irformatior _for summary repsrts.
Thes2 functions shall be r=2latsd to garagrapn 3.1,
Specific Perfcrmance Requ ra2ments, ap 2, System
FPunctions, of the FD (Fudc+isnal Deszription).

2.2 Securit nd Privazy. This »o2aragraph shall
describe” H% %IESSffEEH‘%:n ora2nts >f ? P system,
including -nguts sutputs, ata bases, apd computer
progranms. 11 alseo presaribs any _privacy restric-
*icns associated with the us2 of the Jdata.
2.3 3eneral Qgggr;géigg._ This paragraph will provide
2 ConpreRersive J&s fzgtlan.af tiz systaa l.subsyatcm,
obs, etc. in_terms of their overall fauncticns, This
jescription will be accomganled by a zhart showingy th=
intercelationships of the mrajor <compdnents of the
systam.
2.4 2rogram Description, The purposs 9f _this para-
graph "is ¥0 sungy 33T8I1ls and charic<aristics of =ach
program aid subrQoutine that would be 5£ value to a
mairtenance programmer undarstanding ths progran avd
its crelaticnship to other programs.. (Spscial mainte-
nancs programs_ _rela*ed tc the specific systen bein g
documented, will be discussad undsr, paragraph 4.4
Special_Maintenance Proceiurss.) This pardgraph will
;nztlall centain_a 1list of, all prggrams o> bs
discusse follow=d by a2 narrative dssiription 2% sach
program and its respective subroutipss undar sepsrate
ga*aqraph star+ing wish 2.4.1 “hrough 2.4%.1n.
nfefmaticn *o be ;ncluded in the narrative 4 cip-
tior is represented by *hs following itzas:

i. ¢dent-_¢cat;on T _Program jumbsc or tag
includ *n% a2 designatis>n of th2 varsioni
number the prcégranm.

b. Func*icps_- Jdescription of proycam func+ijnans
and me+thod usad in tha program :> accomplish
the function.

c. Irput - descip*ion >f tas input. Descriprtions
heZe must irclude all infpramatiy)n pertinsnt +o

maintenance programmiag, includiag: .
(1) Data records usezi Bv the projzam durcing
operation

(2) Ippu* data type apnd lccatins)(s) used by
the program whsan its cop2catiosn begins.
(3) gntry requiremants concerning the

initia*idén of tha2 prograza.
2
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Processing - description of the processin,

performed by the program, incluiing:

(1) Major operations_- th2 major cperatiors of
prégram wil

be l2scribed, The descriptiorn

may_reference chactt(s), uhic; mag be |

included in an apfenQLx. This chart will
show the general logizal flow of
operationS, such as'r2ad an iaput,
access a data recd>rd, majpr decisiorn, and
gr;nt an sutput vaich woaii b2 represeanted
Yy segments or subprecgrams within the
progrim, Refer2nc2 may b2 nade ¢o included
charts that prassn%t eich sajor operation
in more detail. Lo ) .

(2) Major branchiny sonditions provided in
the program. = | ) .

(3) Restrictions that have bezsn dasigned into
the system with ra2spect %2 the operation
of this prograam, >r aay limitactions on
the use of the program. _ ) .

(4) Bxit requiremeats concerniny tarmination
of the dperatisn o5f th2 projranm.

(5) Communications or linkage t3> the next
logical pregram (operational, con“rol).

(6) Output data +type and locatisa(s).
produced by thz program f5r uss by
related processing Segaments >f the
sys-ele.

(7) Storage - Specify the amoun: and type Jf
storage required to use ths program ani
the broad parzmet2rs >f ths storage
locations needz21.

Qutput - description of <
by the program. w#hil2 thi
reference Output d=2scribe
any in-ermediate output,
should be describel for ¢t
maintenance programmar.

e _outputs produc=3
sctiption may
ers Manual,

Interfaces - description 3 thez ianterfaces =0
from this progranm.

,v-v,-ﬁ~---4-.-.,A-Tw-...—vﬁ
, L]

Tables and Items - provida d=ctails and L
characteris%ics of ta2 tables 211 i<ems within
each program. Items ndt part of 2 <able must
ke 1istzd sepesrately. I%tems contalined within
a -abjs pay be serfar23ced froa tas table
Jescriptions, If tags Jata descriotion of :a2
program provides sufficient infrfnation, ths
prcgram lis+ing may b2 ceferenczi <¢ oroviils
somé of *he n=Cessiry infacmatis>a. Az leas:*

3
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the following will b2 included for each table:

Full name and purposes of the table.
Other Erogrgns that us2 this +table.
logical divisions_within the table
(lgtgrn?l tabla blocks or parts - not
entries),

(5) Basic *table structure (fix23 or variable
length, fixed >r variable entry
striucure). . ;

(6) Tabla layout é a graphic scesentation
should be us24d). Inciud24 in supporting
description shoald be tabls contfolliag
information, da2tails of th=2 structurs of
each type. o entrz, uniguz oz significant

3% Table tag, labl2 or symbolic name.
3§
4

[ XV N

charactaristics of the ds2 5f thé %able,
and information about the2 names and
loca*ions of itams #ithin the table.

(7) Items - the tara "iteam" ra2fsrs +to0 a
sgeczglc category of dsotailad information
<hat is cod=3 f>r direct ani immediatz
manipulation by a program. Used in this
sense, the dafinition >f an item is
machine-~ and prygram-9rizsntad rather
than operationally orisn+«23. Of primary
lmportance is an explanation of <The use
of each jitem. At least tha following
will be includ=231 for each itsm:

Item tag 2r label 2231 full nama.
Purpos2 >f the itszn,

Item coding, depeadiag upon ths
item typ2, such 2s intzager,
symbolic, s*atus, =2tc.

a
e
c

2. Urique Run Fea*urss - descriptiosn cf any
un_que features of “a2 runnizgy >f *=ihis
rogram *ha+% ar2 ndt iacluied iy the
omput=r Opera*ion Maaiual.

74

—d




;c SECTION 3., ENVIRONMENT

a 3,1 Eguipment Enviconmeat rhis oaragraph shall

A 2 £ _?E_- ent npeac, 1< : grap Sha

¥ : diScuSs the equipmedt confljuration 3ad its™ geasral

' characteris«ics as they apply *o ths systenm.

L 3.2, 3uppozt Software. This paragripi shall lisi the
VaTidus sSuppoTt sSo6*tware_uasa21 by ha system and ijen-
tify the version or relz2as2 number ander which the
sysftam was developed.
3.3.Data Base. Informatipn in this Earagraph shall
inclade” a complete description of thaz fnatars and
contant of each jata base us2d by th2 systea.

«3.1. Gesperal Characreristics., Provide a g=sasral
' escfiption of the characisfiStics >f the dati base,
' including:
' a. Iderntification - nam= and mns2mdaic referencse
i of the component (2.3. data bassz). List th?
- grograms utilizing th2 coapon2nt and explain
he use of +he co@pon2nt in th:s system.

F-¢ b. Pecrmanency - no*e whather th2 cdaponent

4 cortains static data that a projram can,
reference, but may ndt change, >r dyramic
data that can be chanyed or upditsd during
system operation. Inilcate whather the change
iS periodic or ranioa as a functiosn of inpa
data.

f'c =. Stborage - specify th2 storage azdia for the

g data Dbase (e.g. tape, disk, int>rnal storags

and the amouwnt cof stdrage -egquic=a4.

1 1. Res=%ricticns - explaia why limitations on

! the us2 of this coapdrirent by thz program in

+he system.
3.3.2 Organizaiion and Detailed Descciption. This
? :ag:apﬁ will Serve to_ Iefime the Infsrnal struccuyrs
of the ~data base, A layout will b2 chown apd its
compaysition, such as_ rzcd>cds and tables,  will be
explaired. If available, <cpmputer jy212rated or othser
iistings ¢f this deta’led 1iniorma“is1 may be r2fer-
encel ¢r included her=in, T22 £ollowiny i=ems Iindicate
“he tyove of information daosired:

a. laycut - show *he stricture of ths data basz
including record and iteams.
9. Sections - note wh3%har =iz paysizal racoci

is a icgical reccrd or- o2 9 ssvseral +hat

ccnstizu*t2 a loagical record. I[izntify <he

record parts, sdch 3as healsz oz Zon=inl

segmen<s 2nd the body of the r=cord.

5
L —
A C . N
| 25 OPY availabla to DTIC does not

permit fully 1-gible 1eproduction
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. Fields - ideptify 2ach field in the record
Include for 2ach fiell t:eyfollgwizg items:

(1) Tags/labels - indicate the tajy_3r label
assigned +o refereace each f£izld.

(2) S;ze - indicate thz length anl number of
%;tilcharacters that make up zach data
ield.
(3) xenge - _indicate th2 range of accaptable
values for the fiell entry.
i. Exg;nsion - note provisions, if any, for
adding additional ja*a £iz1§s t»> the recori.

S — -

structure and, if pecessar explain its purpose.
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ﬁc SECTION 4. PROGRAM MAINTENANCE PROCEDURES
9 Section 4 of the manual shall provids information on %
b, the specific procedures na2cassary for +the programmer ;
) to maintairn the programs that make up th2 systea.
b .
- 4.1 conventiorns. This paragraph will explaian all
% Tules, schemés, and conventidons that have been used r
- within the system. 6K Informatior of tiis rature could !
include *he rollowing Ztems. ‘
. s s e . !
2. Design of mremonic ilsntifiers_and_their
appiricaticn to +he tagginy or labellng,of
prcgrams, subroutines, "relords, iz+a Eielils,
stofage areas, etc.
b. Procedures and standards for charts, listiags,
serZalization of carls, abbreviitions used in
statements apd_ remarks, and symbols appeariag
ir charts and listings.
=. The appropiate standards, fully iJentified
may be refarenced ir lieu of a3 iz<-ailed ouline
of ccnventions,
i, Sstardard data elemz2nts and relata=d featurss.
4.2 Verification  Procedurss. This paragraph will
Include tnose requifemenis 2nd proceiuras recessary o
check the, performance_of a program s3ction f£ollowing
its aodification., 2 Includ=d _nay also bs procedures fofl
the periodic verification of the progyrana.
4.3 Brrer Condizions. A iascription of error_condi-
Zi0nsS ¢ . nc€'_prgv1ou$lz, documentead, may als)> bs
:gclu&ea. This description shnail ianclude 2n explzna-
tion _0f <h=2 sourgce O0f <=h2 errcor aad recommsnd=d
me+tnd>ds to correct ii,
4.4 Specia: Maintehance Prazedures. This parzjraph
Shall~corTain "any special roczJurss raquire dhich
have not been deijneated =21sewhars ia <{his seciicn.
Specific Imformatign _that may b2 appropiat2 for
preszntation shall includ=:
a. RKequirements, porcedures, a2nd vzrification
which ma y be Lecessacy tCc maintain the sys:t:zm
inpu“-ou*tpu<t components, such as the data
base.
0. Begquizements, procaduces, arnd varification
metnods necessary to perfora 1 Library
b Maizntenance Sys+em C11.
4.5 Specie., Malnpienance ECIJraims. This_ pazZijraph
{ shall "Con%ain an iLVERTory Of 3ny s?=2cial oprojrans
4 (such as file restceration, purying historical files)
used to maintain the systam. Thase prd>3zams shouil b=
| described in _+hs same’ manaz> 3s  =a1532 described Irn
pacagraphs 2.3 and 2.4 cof th2 44
b 7
T, - - y
f e
77




1, Irput-Oytput Reguiraaesnts.
Includ% 'tﬁ‘nfﬁi§ §§%§%?§§E"§hall be  the reguire-
ments concern-ng the equipm2nt and matarials needa2d :o
supp>rt the nec¢essary maint2nange_ tasks. Matarials
may, for example, includs card dacks for 1loading =
maintenance grogram and the inputs which represent the
chanjyes to e made. When__3 support system is bzing
used,l this paragraph shoull refer=nc2 the appropiate
manual.

b. Procedursass )

The prfocedures, presentel in a st2 -bytsteg manner
shall detail +he method of prepacring ta2 inputs, such
as structuring and sequeaciyg of 1iputs. The Jpera-
“ions or step$S to be follow2d in settiay ug, runaing,
and_termirating the maintsnaace task >2 the equipmenc
shall be given,

D amm
=

L]

o

L9

ngs. This_paragraph will contain or_proyvide
Ceé” <o the location, of ths, program l:stzni.
appropiate to particular instrdactions shall
be 1nade 3 necessary to understani and follow the
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